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HARMFUL EFFECTS OF SHALLOW BREATHING WITH 
SPECIAL REFERENCE TO PNEUMONIA 

JONATHAN MEAKINS, MD 

MONTREAL 

It has been demonstated by Haldane, Meakins and Priestley^ that 
abnormal shallo^^ness of the respirations produces anoxemia This is 
demonstrated b}' the occurrence of periodic breathing, cyanosis and 
other symptoms indicative of this condition 

The manner in which this abnormal type of breathing produces the 
anoxemia has also receive'd considerable attention from them Keith 
has demonstrated that the lungs do not expand after the manner of 
the bladder when external pressure is reduced, but like a Japanese 
fan He has also pointed out that expansion of the lungs does not 
take place constantly and uniformly throughout Therefore this type 
of breathing would of necessity exaggerate the uneven distribution of 
air to the alveoli 

They also found that the expired air and the alveolar air in cases 
exhibiting this type of respiration contained a large percentage of 
oxygen, which rendered it difficult to reconcile this condition with a 
pronounced anoxemia 

The circulation of blood through the different parts of the lungs is 
fairly uniform As a consequence of the irregular expansion of the 
lungs, some part of the blood would be oxygenated well in the well 
ventilated parts, while some blood would be oxygenated poorly in the 
poorly ventilated parts, with the result that the arterial blood going to 
the heart would be a mixture of these two bloods, and depending on 
the shallowness of the breathing, the mixed artenal blood would obtain 
a greater or less amount of oxygen 

Reference to the dissociation cur\es of oxygen and carbon dioxid 
furnishes additional evidence as to how such a condition of anoxemia 
with high oxj^gen in the mixed alveolar air may occur It is possible 
for the diminished removal of carbon dioxid from the poorly ventilated 
parts of the lungs to be compensated for by increased removal of 

*E.ead before the Association for the Advancement of Clinical In% estigation, 
Atlantic City, June 14, 1919 

1 Haldane, ^leakins and Priesth J Phjsiol 52*444 (Ma\) 1919 
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carbon dioxid by the well ventilated parts Thus the carbon dioxid 
tension of the mixed arterial blood remains at a normal level But in 
regard to the oxygen, it is totally different “In the badl}’- ventilated 
parts of the lung the \olume of blood flowing per minute will be greater 
in relation to the amount of fresh air entering these parts than in the 
%\ell ventilated regions Hence, the blood will take up more of the 
OX} gen and the percentage of ox}'gen in the relatively stagnant alveolar 
air of the badly ventilated parts will fall below the average The dis- 
sociaton curve of blood for oxygen is totally different from the carbon 
dioxid cur%'e, and as the oxygen in the stagnant air falls, the percentage 
saturation of the blood passing through these alveoli must also fall 
greatly But for oxygen pressures above about 88 mm Hg the cun e 
IS \er} flat Hence, any increase of ventilation beyond the amount 
sufficient to keep the alveolar carbon dioxid at this level is quite unable 
to add appreciably to the amount of oxygen taken up by the blood 
Thus it follows that in the well ventilated parts of the lungs first the 
increased ^entllatlon is incapable of yielding an excess of oxygen to 
the blood sufficient to compensate for the lack of oxygen in the blood 
from the badly ^entllated parts, and second, since more than the aver- 
age amount of fresh air is passing through these alveoli, while no more 
than the normal amount of oxygen is being absorbed by the blood, the 
air expired from these well ventilated alveoli must be abnormally rich 
in oxygen Thus the average composition of the alveolar air may 
remain constant as regards percentage of oxygen, as is normally the 
case, or, when the breathing is abnormally shallow, the oxygen content 
of the average alveolar air may nse above the normal level even though 
at the same time the arterial blood is inadequately supplied with 
oxygen ’ 

The same authors have further pointed out that one of the respira- 
tor}' responses to anoxemia is the occurrence of frequent and corre- 
spondingly shallow breathing- Thus under certain circumstances it 
IS quite conceivable that a vicious circle might be established 

These obsen'ations on shallow breathing resulted from an investi- 
gation of certain cases of “irntable heart” and “suffocative gas poison- 
ing ” But there are other cases of great clinical importance in which 
this same condition is found The most important is pneumonia It 
is a i\ell known clinical observation that the severity of the symptoms 
in a case of pneumonia is not necessanly dependent on the degree of 
pulmonary imohement A much more valuable indication as to the 
prognosis of the disease is the respiratory rate It has been observed 
that as the respirator}' rate increases the patient’s condition becomes 

2 Haldane, Meakins and Pnestlj J Phjsiol 52 420 (May) 1919 
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more grave The point at which alarming symptoms develop vanes in 
different individuals But, as a rule, in adults when the respiratory 
rate persists above 50 per minute cyanosis begins to develop This is a 
definite sign of pronounced anoxemia 

The harmful effect of persistent anoxemia on the cardiovasculai 
system is well recognized Of the fact that the cyanosis in cases of 
pneumonia is due to cardiovascular failure there is no definite proof 
Careful observation, however, will reveal the fact that the cardio- 
vascular collapse IS a sequel of the anoxemia 

If the respiratory rate continues with sufficient rapidity and shallow- 
ness to produce persistent cyanosis, the cardiovascular system begins 
to show signs of failure, such as pronounced increase of pulse rate, 
gradual lowenng of blood pressure with eventual collapse, the patient 
showing the “gray cyanosis” and other symptoms of “shock ” 

A number of cases of pneumonina have been investigated in order 
to determine the quantity and quality of the expired air For obvious 
reasons it was impossible to obtain the alveolar air in such cases It 
was found that as the respiiatory rate increased, there was a gradual 
decrease m the volume per respiration, but the total ventilation per 
minute showed a conspicuous increase 

On referring to Table 1 these points will be observed It will be 
noted also that, although the total volume per minute of expired air 
gradually increased, there is a very conspicuous diminution in the ratio 
between the volume of each respiration and the theoretical dead space 
This latter we may presume remains fairly constant in each individual 
case Therefore, the point may be reached where the alveolar air, 
expired or inspired, amounts to a comparatively few cubic centimeters, 
being undoubtedly insufficient to carry on any adequate pulmonary 
ventilation, so that eventually cyanosis develops 

The respiratory quotient becomes progressively higher, at times it 
may reach 1 2, but when the crisis occurs there is a rapid return to 
normal not only in regard to the respiratory quotient, but also in so 
far as the respiratory rate, respiratory volume and total ventilation 
per minute are concerned It is not probable that this is due to any 
conspicuous change in the damaged lung, as all means of ordinary 
examination go to indicate that several days must elapse before such 
change is appieciable Furthermore, it is common knowledge that 
practically one half of the lung area may be non functionating (artificial 
or spontaneous complete pneumothorax) witliout producing, while at 
rest, any evident respiratory distress 

There is another aspect of this question which must be considered, 
namely, the part played by the pulmonar}^ circulation Until recently 
it was not known to what extent the pulmonar}^ circulation was inter- 



TABLE 1 — Quantity and Quality or Expired Air in Pneumonia 
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fered with in pneumonia Gross® demonstrated that m pneumonia 
varying degrees of vascular obliteration may occur depending upon 
the stage of pulmonary consolidation In the stage of red hepatization 
there is a moderate preservation of the circulation, but there exist 
unusual clear spaces with poor injection, and even the injected vessels 
are somewhat narrowed and compressed In gray hepatization there is 
a general lack of injection, only several large branches moderately 
compressed may appear These injected branches end abruptly and 
the whole area of gray hepatization presents a striking anemic 
condition 

It must be assumed that a certain volume of blood passes through 
the damaged lung area without being ventilated properly But it is 
not warranted to suppose that this nonv^entilated blood is sufficient in 
amount to reduce appreciably the oxygen content of the mixed blood 
entering the left side of the heart 

This conclusion seems justified, therefore, that the anoxemia occur- 
ring m acute lobar pneumonia is the result of the rapid and shallow 
breathing typical of this condition 


3 Gross Canad M A J 9 632 (July) 1919 



CONTRIBUTIONS TO THE PHYSIOLOGY OF THE 

STOMACH 

LII STUDIES ON GASTRIC ULCER''" 

A C IVY, PhD 

CHICAGO 

The studies on gastric ulcer as presented here are the first of a 
series of studies on the pathologic physiology of the stomach and 
duodenum in the condition of ulcer of these parts of the gastro- 
intestinal tract 

I THE OCCURENCE OF ULCER AND OTHER PATHOLOGIC LESIONS 
IN THE STOMACH AND THE DUODENUM OF THE DOG 
AS JUDGED FROM ONE THOUSAND NECROPSIES 

In a series of studies to be made on a pathologic physiologic con- 
dition it IS obviously essential to make a study of the frequency of 
the occurrence of that condition in the animal used A large amount 
of work has been done on gastric ulcer in which the dog has been 
the chief experimental animal There are only two reports in the 
literature concerning the frequency of the occurrence of ulcer m 
the dog Turck^ reports a series of necropsies on 189 healthy and 
82 diseased dogs in which the findings of ‘‘peptic ulcer” were abso- 
lutely negative Other pathologic lesions, if they occurred, are not 
reported Mann- reports a series of more than two hundred normal 
dogs and cats in which no “lesion of the gastric mucosa was found 
at necropsy ” From the findings of these two observers one might 
conclude that the occurrence of lesions of the gastric mucous mem- 
brane of the dog are very rare Since the data offered in the literature 
is meager, it was considered important to ascertain more completely 
the occurrence of lesions of the gastric mucous membrane in the dog 

METHODS 

The stomach and duodenum of healthy, diseased and experimental 
dogs was removed immediately after death and placed in cold running 
water vhere they were examined immediately, or always within one 
hour after removal Quite a number of stomachs were examined a 

♦From the Hull Phjsiological Laboratory of the Universitj of Chicago 

1 Turck, F B J A M A 67 1784 (Dec 9) 1916 

2 Mann F C J E\per M 23 203 (Feb ) 1916 
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longer period after death than one hour, but observ^ations on tliese 
were not recorded because of the possibility that any lesion present 
might be the effect of autodigestion 

The lesions observed were classified as follows (1) Petechial 
hemorrhage, applied to the condition in which the red blood corpuscles 
are abundantly packed in the tissues of the mucosa and he in the 
mucosa adjacent to the lumen , (2) superficial hemorrhagic erosion, 
applied to the condition m which there is an evident petechial hemor- 
rhage accompanied by a superficial erosion of the cells of the mucous 
membrane, (3) acute ulcer, applied to the condition in which there 
is a well defined break in the continuity of the mucous membrane, 
(4) chronic ulcer, applied to the condition in which the edges of 
the ulcer are raised, undermined and thickened, and the base of the 
ulcer indurated, (5) diffuse inflammation, applied to the condition 
generally referred to as gastritis in which there occurs a swelling 
and hyperemia of the mucous membrane together with the production 
of a viscid adhesive mucus exudate and m acute cases with the 
occurrence of petechial hemorrhages and superficial erosions , (6) and 
tumors involving the mucosa I agree with Bolton^ that it is neither 
useful nor correct to call a superficial hemorrhagic erosion an ulcer 

RESULTS 

Table 1 shows the occurrence of pathologic lesions in the stomach 
and duodenum of healthy dogs that had been subjected to ether anes- 
thesia for a period of two or three hours, while students used them 
for acute laboratory experimentation 


TABLE 1 — Showing Lesions of the Stomach and Duodenum (900 Dogs) 
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The petechial hemorrhages and hemorrhagic erosions occurred 
chiefly in the last 2 inches of the pyloric portion of the stomach and 
in the first inch of the duodenum In the case of the acute ulcer 
of the pyloric portion of the stomach there were two ulcers (2 by 
1 mm ), involving the entire thickness of the mucosa within one-half 
inch of the sphincter The stomacli was taken from on old emaciated 


3 Bolton Quart J Med 5 434, 1911 
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animal No apparent cause for the gastritis could be found Worms 
accompanied the enteritis in all except five animals, and may have 
been the cause in most cases * 


TABLE 2 — Lesions Occurring ix Thyroid ParXthyroidectomized Dogs 

(Twenty -Four Dogs)* 


Stomacli 1 

Stomach, 

Duodenum, 


No 

No 

Petechial hemorrhages 

16 

20 

Superficial hemorrhagic erosions 

13 

16 

Acute ulcer 

1 

3 

DilTuse inflammation 

9 

18 


* One ncuto ulcer, 15 x 3 mm , almost perforated was found in the fundus Otherwise 
all the lesions in the stomacli were confined to the pyloric portion 


Table 2 shows the occurence of ulcer and of lesions of the mucous 
membrane of the stomach and duodenum in animals dying of thyroid 
parathyroidectomy The paramount symptom that was manifested in 
the animals was depression, as reported by Carlson,® only 60 per cent 
of them showing tetany These animals lived from three to twenty 
days The severity of the intestinal findings was directly portional 
in most cases to the longevity of life following the operation 

Eight out of forty dogs dying of distemper (snuffles) showed 
petechial hemorrhages and superficial hemorrhagic erosions of the 
pyloric and duodenal mucous membrane Acute gastritis and enteritis 
was present in every dog in this series Hypoacidity is a constant 
occurrence in these animals I have seen several cases in which raw 
meat wmuld pass through the gastro-intestinal tract of a dog sick 
with distemper without being changed in color Diarrhea is also 
present in practically every case, as is anorexia and emaciation 

In ten dogs dying of shock and symptoms of raised intracranial 
pressure folloiving cerebral ablations, every one showed petechial 
hemorrhages and superficial erosions of the fundic and pyloric mucous 
membrane In four of these dogs the stomach was acutely dilated 
No free acid w^as present in the stomach of these animals 

Out of twenty dogs that had been injected intravenously with 
ether t\\ enty-four hours previous to death, five showed petechial hem- 
orrhages and superficial erosions of the fundic and pylonc mucous 
membrane 

Superficial hemorrhagic erosions occur frequently in dogs dying 
of experimental diabetes 

A deepl) eroded and indurated ulcer (4 by 6 mm ), typically 
chronic, was found in the first quarter of an inch of the duodenum 

4 Food was present in the stomachs of about one half of the animals The 
lesions had no relation to the presence of food, however 

5 Carlson, A J Am J Plnsiol 30 1912 
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in a cachectic dog whose pancreatic ducts had been ligated five montlis 
previously and who had been kept on a diet of bread and milk 
Hypoacidity was present in this dog The dog died of acute stomatitis 
accompanied by rapid emaciation The stomach and duodenum of 
twenty-four dogs, in which the pancreatic ducts had been ligated, ere 
examined without finding ulcer Four of these animals showed super- 
ficial erosions In these dogs emaciation was marked and they died of 
distemper The other animals were killed in other experiments, no 
lesions being present With the exception of six of these animals, the 
pancreas was from macroscopic appearance atrophic and fibrotic 
Jona° reports the presence of ulcers in the duodenum and small intes- 
tine following ligation of one pancreatic duct From his picture and 
his description, I am led to believe that what he called ulcers were 
nothing more than Peyer’s patches, which occur in the duodeum of the 
dog, made more conspicuous by emaciation and postmortem digestion 
These patches are easily mistaken for ulcers, if a microscopic study 
is not made 

My observations on suprarenalectomized animals partly confirm 
those of Mann “ In forty suprarenalectomized dogs I ha\ e only seen 
one acute ulcer and twenty instances of petechial hemorrhage and 
hemorrhagic erosion of the gastric and duodenal mucous membrane, 
which is less frequent than reported by Mann 

Dogs dying immediately after section of the vagi and splanchnics 
not infrequently show petechial hemorrhages of the pyloric and duo- 
denal mucous membrane But m ten dogs that died or were killed 
from one week to four months following double vagotomy and splanch- 
notomy with extirpation of the celiac plexus, no gastric or duodenal 
lesions were found Durante^ reports that he observed lesions that 
were similiar to acute and chronic ulcers m man He does not state 
how long the ulcers were present and only states that such animals 
survive a short time Most of my animals lived indefinitely and the 
nerve sections were venfied at necropsy Such animals become cachec- 
tic, however, and have to be cared for rather carefully for some time 
in order to keep them in a normal state of health ® 

In a personal communication from Dr S A Mathews, I was told that in 
Eck fistula dogs, which are kept alive for a long period on a diet of bread and 
milk and wdnch are emaciated and cachectic, chronic ulcers of the stomach are 
frequentlj'^ found 


6 Jona, J L M J Australia 1 316 (April 19) 1919 

7 Durante, L Surg , Gjm , Obst 22*399 (April) 1916 

8 In an emaciated dog wnth gastrostomy and both splanchnics cut. Dr A B 
Luckhardt found a chronic ulcer about one inch from the gastrostomj The 
ulcer was about to perforate 
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Tlie three tumor formations found were adenomatous polyps which 
were confined m each case to the mucosa of the pyloric portion of 
the stomach 

No scars were found in the stomach or duodenal mucous mem- 
brane These ^^ere looked for as probable evidence of healed acute 
ulcers Such scars are reported to occur frequently in man 

summary and discussion 

It IS apparent from the results of this study that chronic ulcer 
of the stomach and duodenum m healthy dogs and even diseased 
dogs, if it occurs at all, is very rare In diseased and cachectic experi- 
mental animals only tivo marked ulcerations \vere found one, very 
acute and almost perforating, the second, typically chronic On the 
other hand, petechial hemorrhages and superficial hemorrhagic ero- 
sions do occur m the gastric and duodenal mucosa of the healthy 
dog (I have seen them in the mucosa of the stomach even though the 
animal had not been subjected to ether anesthesia previously ) These 
lesions, hoM’ever, occur more frequentl}' in experimental, diseased and 
cachetic animals 

Comparing these observations with those reported to occur in 
man, it is seen that the dog is much less subject to gastric lesions than 
man According to Adami® “hemorrhages into the stomach wall are 
quite common” in man, and Birch-Hirschfield^® reports that they are 
found in 50 per cent of cadavers Osler^^ states that hemorrhagic 
erosions are common Chronic ulcer occurs in man as often as from 
2 to 4 per cent Why there is such a difference between man and 
dog is a matter open for speculation If gastric juice digestion was 
a basic factor, we v’^ould expect more ulcers m the dog than in 
man as the dog’s acidity is on the average greater than man’s The 
dog being an animal generally of higher resistance and less subject to 
dietaiy, toxic and ner^^ous factors, which cause gastric disturbance of 
motor, secretory and circulatory activity, than man, we would expect 
to find fewer ulcers The dog not being so subject to focal infections 
and hemorrhagic erosions as man, the dog would be less likely to have 
an ulcer hematogenous m origin Also, the dog being less subject to 
ncr\ous influences, which cause hypomotility and hyposecretion, there 
would be less chance to infect a point of low'ered resistance, a petechial 
hemorrhage or erosion, by bacteria sw^allow^ed These observations 

0 \clami J Principles of Pathology, Philadelphia, Lea Febiger, 1911, 2 
414 

10 Birch-Hirschfeld loc cit , Adami 

11 Osier W The Pnnciples and Practice of Medicine, New York, D 
\pplcton & Co 1916 pp 490 447, 480 
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suggest at least that there is some factor present in man causing the 
chronicity of the ulcer which is absent in the dog^also, that if chronic 
ulcer can be produced in the dog’s stomach or duodenum, it can be 
produced in man by the same method 

The fact that chronic gastric ulcer does not occur and that gastric 
carcinoma is not found in the dog is comparative e\idence, I take it, 
in favor of Mayo Robson’s^- theory of the etiology of carcinoma of 
the stomach in man Mayo Robson suggested that gastric ulcei was 
the souice of gastric carcinoma Wilson and McCarthy’" ha\e pre- 
sented evidence in support of this theory 

2 THE EXPERIMENTAL PRODUCTION OE CHRONIC GASTRIC ULCER 

IN THE DOG 

Petechial hemorrhages, superficial hemorrhagic erosions and acute 
ulcers have been produced expei imentally in many ways mechanically, 
chemically, by heat, diugs, toxins, peptones, serums, by section of the 
vagi and the splanchmcs, by embolism and thiombosis, anemia, by 
feeding bacteria, by the intravenous injection of specific and non- 
specific bacteria, by abrasions, by lesions to the central nervous system, 
by removal of the suprarenals and parathyroids, and by many othei 
methods In other words, they are produced by anything that causes 
a local necrosis of the membrane by direct toxic or chemical action on 
the mucosal cells or by interfeimg or disturbing the normal condition 
of the capillaries of the mucosa All biologic methods of producing 
the hemorrhages seem to point toward a marked susceptibility of the 
gastric and duodenal mucosal capillaries to injury b} toxic and ner\ous 
influences 

Although acute ulcers have been produced in many ways, few 
investigators have claimed to ha\e produced chronic ulcers of the 
gastric and duodenal mucosa Bolton” and Friedman and Hamburger’^ 
were able to delay the healing of experimental acute ulcers by pro- 
ducing partial pyloric stenosis Turk’ reported that he was able to 
pioduce perforating ulcers of the duodenum and stomach by feeding 
B coll Durante,' by ligating and cutting the splanchnic nerves, reports 
the production of chronic ulcers Rosenow’® has reported the produc- 
tion of gastric and duodenal ulcers that “resemble those m man m 
location and tend to become chronic, to perforate and to cause hemor- 
rhage” by the intravenous injection of alleged specific streptococci 

12 Robson, A W M Lancet 2 1547, 1904 

13 Wilson, L, and McCarthy, W C Am T M Sc 846 (Dec.) 1909 

14 Bolton Proc Roy Soc Lond 82 2 36 1909 

15 Friedman, J C, and Hamburger W W J A. M \ 62 380 (Aug 1) 
1914 

16 Rosenov E C J Infect Dr 19 333 (Sept ) 1916 
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The chief Mews held at the present time concerning the etiology of 
chronic gastric ulcer are as follows (1) Infection of the mucous 
membrane through the blood by specific or nonspecific bacteria from 
a focal infection is the primary factor and the source of reinfection, 
(2) the digestive action of the gastric juice on mucosal cells that have 
had their normal resistance to acid peptic digestion diminished m some 
vay, (3) a localized trophic disturbance is responsible for the chron- 
icit) of the ulcer, (4) the infection of the mucous membrane by 
su allowed bactena 

Most investigators in this field agree with Bolton^’^ that chrome 
ulcer originates from an acute lesion and that most of the acute lesions 
heal rapidly 

This study was undertaken as an attempt to throw more light on 
the experimental production of chronic ulcer in the dog 

METHODS AND RESULTS 

Healmg of Expeuimntal Acute Ulcers — ^The time required for the 
healing of acute ulcer produced by Roth’s method (the injection sub- 
mucously of 1 0 c c of a 5 per cent silver nitrate solution) in the 
fundic and pyloric portions of the stomach and in the duodenum 
Ulcers made m the mucous membrane of the fundic portion of the 
stomach healed in from nine to thirteen days , when ulcers were made 
m the pjloric portion of the stomach, healing required from twelve to 
eighteen days , if the dogs had the distemper, healing required from 
eighteen to tuenty-two days In the duodenum from sixteen to twenty- 
four days were required for the healing of the ulcer 

This difterence in the rate of healing is explained, I believe, by 
the anatomy and physiology of the different portions and the way in 
vliich ulcers of the mucosa heal The manner of healing has been 
described in detail by Bolton^^ and Gnffini and Vassale 

Aseptic Embolism — Injections of finely divided animal charcoal 
suspensions v ere made into the branches of the gastro-epiploic arteries 
^Mth negatue results Suspensions of lead chromate and pigments 
■were injected into branches of the gastro-epiploic arteries with result- 
ing petechial hemorrhages and hemorrhagic erosions Acute ulcers 
resulted in three of the animals injected with lead chromate The 
results vith lead chromate and pigments confirm the observations of 
Cohnheim^'* and Klebs and Welti Why the injection of animal 
charcoal ga\ e negative results cannot be stated The findings suggest 

17 Bolton Ulcer of the Stomach, London, 1913 

18 Gnffini and Vassale Ziegler’s Beitr 3 425 

19 Cohnheim Lcct on Gen Path (New S>denham Soc) 3 878, 1890 

20 Klebs and Velti Handb d path Anat, 1869 
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that effects produced by pigments and lead may be toxic and that an 
embolism produced by an inert, nontoxic substance, charcoal, will not 
result in hemorrhage or acute ulcer 

Ligahon of Blood Supply — Six to eight of the branches of the 
gastro-epiploic vessels supplying the pyloric portion of the stomach 
were ligated with negative results This confirms the results ot 
Littauer^i who found that the blood supply to one third of the stomach 
could be cut off without producing dileterious effects and demonstrates 
a marked freedom of anastomosis 

Silver nitrate ulcers were made m such an area to which the large 
blood vessels had been ligated with the result that they healed in normal 
time The ulcers were made at the same time that the vessels were 
ligated 

Paitial Pylouc Stenosis and Healing of the Ulcei — The efiect of 
partial pyloric stenosis on the rate of the healing of the ulcei was 
studied in eight dogs In five the healing time of the ulcer was delayed 
from two to four weeks No marked induration of the edges occurred 
in any case The ulcers in the three dogs which did not manifest lapid 
loss of weight healed in normal time To ascertain the condition of 
the ulcer, the dog was killed in some cases, in other cases opeiated on 
aseptically and the ulcer examined by direct inspection through an 
incision m the stomach wall These findings confirm the observ'ations 
of Bolton^^ and Friedman and Hamburger,^® who report delayed heal- 
ing in acute experimental ulcers accompanied by partial pyloric stenosis 
Bolton reports delayed healing only, while Friedman reports a chronic 
ulcer at eight weeks after the production of the acute ulcer Bolton 
accounts for the delayed healing as “due to necrosis of the base of 
the ulcer or excessive formation of sclerotic tissue therein, such con- 
ditions being the result of the low resistance which the connective 
tissues possess to digestion by gastric juice, or possibly in some cases 
to a secondary bacterial infection ” Friedman and Hamburger account 
for the delayed healing by the prolonged action of the gastiic juice 
and hyperperistalsis Loss of weight and disturbed nutrition, N%hich 
I observed in my animals and which is reported by both of the aboie 
investigators, although not emphasized, and bacterial infection of the 
acute ulcer must also be considered as possible factors m the delayed 
healing following partial pyloric stenosis 

Injections of Bactciia — Injections of streptococci (one tube of a 
twenty-four-hours-old culture in dextrose ascites broth) were made 
into two or three branches of the gastro-epiploic arteries in a series of 


21 Littauer Virch Arch 195 No 2, 328 
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dogs with negative results The dogs were killed from two to four 
weeks after the injection, so if any acute effects were produced, they 
did not persist nor leave scars In two dogs killed twenty-four hours 
after the operation petechial hemorrhages were found Perigastritis 
resulted in every case Tavo strains of streptococci were used, one a 
Stieptococciis viudans isolated from a tonsil, the other a St) cptococcus 
hemolyticns from a case of septicemia Dr Clawson of the department 
of bacteriology, from whom the bacteria were obtained, stated that 
both vere fatal for rabbits The ^ vnidans vhen injected (three 
tubes of a twenty-four-hours-old culture of dextrose ascites broth) 
into dogs caused no symptoms , the 5 hemolyticns when injected into 
dogs caused a rise in temperature, inactivity and loss of appetite of 
three days’ duration Although the bacteria were virulent enough to 
produce a dense fibrinous and fibrous perigastritis at the site of injec- 
tion, no acute ulcers of the stomach resulted These results suggest 
that either a markedly virulent or a specific bacterium is required to 
produce an acute ulcer of tlie stomach I have injected streptococci 
beneath the skin and the mucosa of the stomach at the same time and 
m the same dog, m the former instance an abscess developed, while 
nothing resulted from the submucosal injection 

Feeding Bacteria — The effect of feeding bacteria to dogs m which 
an experimental abrasion of the pyloric and duodenal mucous mem- 
brane had been made was studied The laceration was made under 
aseptic procedure through an incision in the anterior wall of the stom- 
ach by pinching and tearing the mucosa with a hemostat or extirpating 
it with the knife Ten tubes of a twenty-four-hour-old culture of strep- 
tococcus were given daily by the stomach tube at a time when the 
stomach was empty This was done in five healthy dogs with negative 
results, the laceration healing m from six to ten days and the extirpa- 
tions in from tivelve to fifteen days In other words, Wilkenslcy and 
Geist’s"" observations were confirmed The work was about to be 
given up when a sixth dog developed distemper after the operation 
and had recovered three weeks later The dog ivas killed and a 
necropsy was made six weeks after the operation A large hyperemic, 
edematous, inflamed ulcer (three-quarters of an inch in diameter) 
was found at the point of laceration This dog had been fed 
Streptococcus vmdons, Avhich Dr Claivston isolated from the deep 
tissues adjacent to the ulcer The work was continued on two other 
distemper dogs and in two cachectic dogs with ligated pancreatic ducts 
Six veeks after the production of the acute ulcer a necropsy was 
done on one of the distemper dogs It revealed an ulcer with con- 


22 Wilkensky, A O , and Geist, S H J A M A 66 1382 (April 29), 1916 
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gested and edematous edges with a thickened base This dog had been 
fed Streptococcus hemolyheus which was isolated from the deep tissue^: 
about the edges of the ulcer by Rosenow’s technic "" The second dis- 
temper dog \\hich recovered from the distemper four weeks after the 
operation was killed four weeks later, or eight w'eeks after the pro- 
duction of the abrasion of the mucosa, and a healing ulcer (Fig 1) 



Fig 1 —Chronic ulcer (eight weeks) of the pyloric portion of the stomach 
produced experimentally 



Fig 2 — Chronic ulcer (ten weeks) of the duodenum produced expen- 
mentallj' 

was found at the site of the abrasion The edges were congested, 
edematous and markedly indurated The cachectic ligated pancreatic 
duct dog showed at the site of the duodenal abrasion, which was made 
in this dog, an indurated ulcer wnth edematous edges (Fig 2) ten 
weeks after the production of the lesion This dog continued to get 
more emaciated and w^eaker until it w^as killed 

23 Rosenow Jour Infect Di": 17 219, 1915 
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The gastric juice and stomach contents of these dogs were exam- 
ined at inter\als for free acid Free acid was not found at any time 
during the attack of distemper or dunng marked cachexia This fact 
IS well know n to an) one who has worked with Pavlov pouch dogs sick 
with distemper or showing a disturbance of nutrition 

This study is being continued by a new method that will be more 
subject to experimental control 

DISCUSSION 

The chronic ulcers produced in this study suggest that two other 
factors are necessary other than an abrasion with a trophic disturbance, 
infection via mouth or blood stream and acidity, namely, (1) a general 
loi\ered resistance, and (2) a temporary hypoacidity or achylia The 
animals in which it was possible to delay healing of the acute lesion 
and to cause it to assume signs of chronicity by feeding streptococci 
were diseased and cachectic, and showed no free acid in their gastric 



Fig 3 — Ulcer found b\ Dr A B Luckhardt one inch from a gastrostomy 
opening m an emaciated dog with both splanchnics sectioned 

juice or contents It is to be recalled that it was observed in the first 
study on the occurrence of gastric and duodenal lesions that erosions 
are much more frequent in the experimental, diseased and cachectic 
animals It is -well known that diseased and cachectic animals show 
gastric juice that is deficient m free acidity and often entirely absent 
This, of course, makes it possible for any bacteria swallowed or admin- 
istered to become implanted m the abrasion or local area of hemorrhage 
or erosion, if present — free acid to the extent that occurs normally 
in the stomach being incompatible with life for most bacteria Further, 
it should be pointed out that an infected lesion in a pathologic mucous 
membrane — for the mucosa of the stomach is pathologic when it is not 
secreting its normal gastric juice — is more likely to assume signs of 
chromcit) and to become chronic than a lesion m a normal mucous 
membrane functioning normall) Therefore, given an abrasion of a 
pathologic gastric mucosa, a general lowered resistance by disease or 
disturbed nutrition accompanied by a hypoacidity, w e have factors that 
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make it possible for bacteria swallowed or in the blood stream to 
become implanted in the abrasion and to produce local inflammation, 
induration, congestion and edema, and a chronic ulcer Further, it is 
reasonable to believe, as observed and pointed out in one animal, that 
after the edges and base of the abrasion have become infected, inflamed 
and finally indurated — normal blood supply being diminished thereby — 
the general condition of the patient may improve or become normal, 
and yet have the ulcer remain chronic — ^because of the local diminution 
of blood supply and edema — and even to become more extensive 
because of mechanical irritation of coarse foods and tonic gastric 
activity associated with the action of acid pepsin on the devitalized 
tissue in the base and about the edges of the ulcer, or even a reinfection 
may occur during a period of hyposecretion following some digestive 
disturbance 

It IS interesting to recall that acidity is generally considered the 
all-important factor in the chromcity of the ulcer, which is hardly 
tenable in light of my observations or those of Rosenow I recognize, 
however, that the chronic ulcer that I report might be considered by 
some to be different from the ordinary peptic ulcer seen clinically 
My ulcers may be similar to those found in some cases of achylia 
gastnca, which some clinicians believe to have a different etiology 
than peptic ulcer, i e , trophic 

These results explain the reports of many investigators who have 
ascribed some other cause to the delayed healing or chromcity The 
results of Durante,’’ who produced ulcers chronic in character by sec- 
tion of the splanchnics, are in accord with this conception when the 
petechial hemorrhages, erosions, temporary hypoacidity and disturbed 
digestion and loss of weight, that often results along with the tem- 
porary lowered resistance from this operation, are taken into account 
Durante reports that his animals lived only a short time, which sup- 
ports my contention Our double vagotomized and splanchnectomized 
dogs at this laboratory live indefinitely, but their feeding has to be 
carefully attended to for the first week or two — in a good state of 
health, which explains, I believe, why we found no ulcers in our series 
Durante's ulcers were infected, as was shown by Rosenow This con- 
ception IS also in accord with the findings of Bolton’^^ and Friedman 
and Hamburger, who report that partial pyloric stenosis delays the 
healing of ulcer The former investigator suggests that bacterial inva- 
sion may have been the cause Both investigators report that such 
animals with partial pyloric stenosis vomit, lose weight and become 
cachectic This also occurred in some of my dogs Bolton reports that 
in some of his animals the gastric contents were netitral or alkaline, 
but Friedman and Hamburger state that “hyperacidity” resulted in 
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their animals The effect of pyloric stenosis upon gastric secretion has 
not been thoroughly worked out, so this point cannot be settled 
Turck’s^ results are in agreement \\ith,this conception Turck pro- 
duced ulcers by feeding B coh in large amounts over long periods of 
time to animals that were confined and that manifested abnormal 
“systemic conditions ’ v ith “modified conditions of the alimentary 
tract ” I V as surpnsed to find that this conception is not contrar}^ to 
Rosenov’s obsenations In looking over his protocols,^® I find that 
the animals that shon ed chronic ulcers in his series had distemper or 
some general malaise as shovn by anorexia and loss of weight I do 
not accept the results of Rosenow as he interprets them with respect to 
chronic ulcer Even if his specificity idea is accepted, that does not 
pro\e without question of a doubt, that this specific infection is the 
cause of the chronicity of the ulcer A mycotic embolus is one of the 
factors causing acute gastric lesions, or the bactena may infect an 
acute lesion othenvise produced But it is agreed by most workers 
that acute ulcer in healthy animals heal rapidly no matter how pro- 
duced So it IS \try probable in the light of the results of other 
in\ estigators and of the results obtained in this study that chronic 
gastric ulcer has its origin in an acute lesion of the mucous membrane 
which is infected by swallowed bactena, or by bacteria from the blood 
stream, during a time at w'hich the mucous membrane is pathologic — 
secreting none or but little free acid — and the general resistance is 
low ered by disease or disturbance of nutrition 

3 METHOD FOR M \KING A PYLORIC POUCH TO BE USED IN THE STUDY 

OF GASTRIC ULCER 

Although seieral investigators have reported that they were able 
to produce ulcers of the chronic type, no one has seen a chronic gastric 
ulcer in the process of development The method generally employed 
has been to produce an ulcer in the stomach by some means and then 
kill the animal some time later and ascertain the condition of the ulcer 
Such a procedure is ^ery unsatisfactory experimentally because of 
the presence of numerous uncontrollable factors Hardt'^ and Drag- 
stedt*® approached nearer to the ideal experimental procedure w'her 
they studied ulcer m the Paw low pouch But in the Pawdow^ pouch one 
IS working with a part of the stomach that seldom has ulcer, that 
heals rapidly , and that produces an acid secretion The mucous mem- 
brane of the jiylonc portion of the stomach, on the other hand, is the 
frequent site of ulcer heals slower than the fiindic mucous membrane 

24 H?rdt, L L J Am J Phjsio! 40 314 (April) 1916 

25 Dragnedt, L R JAMA 68 330 (Feb 3) 1917 
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and does not produce an acid secretion but a mucous secretion slightly 
alkaline in reaction So it seems that the ideal experimental procedure, 
111 which all factors might be controlled and chronic ulcer most likely 
to be produced under daily observation, would be to study the factors 
(acid, alkalies, irritation, motility, infection, with specific and non- 
specific bacteria, emaciation, etc ) that influence healing, positively or 
negatively, in a pouch of the pyloric portion of the stomach 

Hence the operative technic for making such a pyloric pouch has 
been worked out 

METHOD 

Two methods are presented, one for making a pouch with nerves 
intact, the other for making a pouch with extrinsic nerve supply 
se\ ered 

With Neive Supply of the Pouch Intact — Approximately at a point 
on the anterior wall of the stomach where the fundic mucous mem- 
brane merges into the pyloric mucous membrane an incision one inch 
long IS made through the wall into the lumen of the stomach (Fig 4, a) 
Through this incision the mucosa is everted and the original incision 
(a) IS continued around the stomach, (b), cutting only the mucosa 
without cutting deeper than the submucosa (as m the Pawlow opera- 
tion), thus dividing the mucosa into fundic and pyloric portions The 
anterior and posterior edges of the fundic mucosa is then sewn together 
(Fig 5, c) with a continuous Lenibert suture, as is also the anterior 
and posterior edges of the pyloric mucosa (d), thus forming a wall of 
the two mucous membranes, which divides the stomach into two com- 
partments, the fundic and p 3 doric The incision in the wall of the 
stomach (a) is then closed by a continuous suture Next a posterior 
gastro-duodenostomy (e) is done connecting the fundic compartment 
with the duodenum Then a pylorectomy (Fig 6, f) is done and the 
pyloric compartment is opened to the outside by a stab wound (g), 
the pyloric portion of the stomach being anchored to the abdominal 
wall by a series of interrupted sutures 

With Extunsic Neive Supply Seveied — The pyloric portion of the 
stomach is separated from the rest of the stomach and from the duo- 
denum by incisions “A” and “B” (Fig 7), care being taken not to 
interfere with the blood supply of the pyloric portion, which is to be 
the pouch An end to side anastomosis (Fig 8, a') of the stomach 
to the duodenum is done and the cut end of the duodenum is closed 
(b') Then the opening at the pyloric orifice (b) is closed Next a 
large stab wound is made m the abdominal wall and the pouch is 
anchored in place The reversal of the pouch so that “a” is brought 
to the outside instead of “b” makes a larger rosette and the mucosa 
of the pouch more accessible 
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Figure 7 



Figure 8 
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RESULTS 

Dogs operated on as described by these methods live indefinitely 
in a good state of health Their feeding must be looked after care- 
full} for the first A\eek or tuo Bones should not be fed until two or 
three months after the operation They cause obstruction at the point 
of gastroduodenostomy 

The study of the experimental production of chronic ulcer and the 
factors influencing the healing of acute ulcers is being continued by 
this method 

4 THE REL\TION OF THE LOG VTION OF THE ULCER TO CHANGES IN 
MOTILITY ^ND EMPTYING TIME OF THE STOMACH 

All clinicians are generally agreed that in duodenal ulcer there is 
a retention of gastric contents and a hyperperistalsis of the stomach 
The literature, however, is someuhat at variance concerning the 
motility of the stomach in ulcers of the pyloric portion of the stomach, 
unless a stenosis has been produced when the eltects upon motility are 
practically identical u ith those of a duodenal ulcer Dundon^® studied 
the motility of the empty stomach in the condition of ulcer of the 
pyloric portion of the stomach and the duodenum He concluded 
from his Mork that the motility of the empty stomach was greater in 
the condition of ulcer of the stomach and duodenum 

Desiring more complete and definite data on the relation of the 
location of the ulcer upon changes in motility and emptying time this 
study Mas undertaken 

METHODS 

The motility of the empty stomach was studied three to five weeks 
prcMOUs to the making of an acute ulcer The criteria used were 
(1) the height of the contraction, (2) the frequency, (3) the length 
of the hunger and rest periods, (4) the type of the contractions, and 
(5) the postural and tonic activity of the stomach, the latter being 
determined by measuring the required amount of air necessary to be 
put into the balloon to raise the manometer level one inch This 

26 Dimdon J IL Am J Phjsiol 44 234 (Sept) 1917 

27 Tlie amount of air required is practicalh constant from day to day, never 
\ar>ing more than See. There is quite a ^arlatlon between different dogs, 
^arMng from 15 to 40 cc .After section of the vagi the amount required is 
from 10 to 20 c c more than normal This is onlj temporary , after from ten 
to tv eh e da> s the amount required becomes normal again It is a question 
whether this is a true measure of the postural or tonic activitj' of the stomach 
It points in that direction, however The normal amount required is not 
influenced h\ ulcer of tlie stomach or duodenum For a day or two after 
irakincr the ulcer the amount required maj be from 5 to 10 cc below normal 
how c > er 
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method of putting a fixed amount of air in the balloon gave a con- 
stant base line from which one could comparatively judge more accu- 
rately the character of the motility The size of the balloon, the time 
of starvation, and as fai as possible, the diet were controlled Bones 
were not allowed to be fed because they are sometimes found in the 
stomach twenty-four hours after feeding The state of nutrition of 
the dogs was guarded carefully Dogs with the mange, sniffles, or 
any other disease were discarded Ulcers were made by injecting 
1 5 c c of a 5 per cent silver nitrate solution beneath the mucosa 
Ulcers weie made in the anterior wall of the fundus in three dogs, in 
the anterior wall near the lesser curvature of the' pyloric portion of 
the stomach from one-half to one inch proximal to the sphincter in 
five dogs and in the first inch of the duodenum in six dogs Observa- 
tions were made on the motility of the empty stomach for from three 
to seven weeks following the making of the ulcer 

Observations were also made on the emptying time of the stomach 
in ulcer of the fundic and pyloric portions of the stomach and the 
duodenum A meal of 100 gm of ground meat mixed with 50 c c of 
water was fed and its emptying time determined either by gastric 
fistula, emesis (morphin), and in some cases roentgenographically 

RESULTS 

Ulcer of the fundic portion of the stomach had no effect on the 
motility of the empty stomach, save a slight temporary inhibition for 
the first two or three days following the making of the ulcer The 
same held true for the emptying time, no delay occuiring Healed 
ulcers were found at necropsy 


TABLE 3 — Motility or the Stomach Before and After Ulcer of the Duo- 
denum, Twenty-Four Hours' Starvation 
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Ulcer of the pyloric portion of the stomach caused in three out of 
five dogs an increase in the motility of the empty stomach Here, too, 
a temporary inhibition of the motility for two or three days following 
the making of the ulcer occurred The emptying time of the stomach 
was only interfered with in one of the dogs, m which there was a 
delay of two hours In this dog at necropsy an extensive scar was 
found extending to the pyloric sphincter, but not involving it 


TABLE 4 — Showing Emptying Time of the Stomach Before and After 

Ulcer of the Duodenum 


Dog 

Normal 
Time of 
Emptying 

Emptying 
[ Time after 
Ulcer, Duo 

Time 

Delayed 

Eemarls 

IX 

3 brs 

5% brs i 

brs 


XII 

3% hrs 

5 brs 

1% hrs 


XVI 

3 brs 

5% brs 

214 hrs 


XXI 

2% brs 1 

5% brs 1 

2% hrs 


1 

4 brs 

9 brs 

6 hrs 

On a fuU meal this dog often had 
food in the stomach 24 hours after 
feeding 

xxxm 

ZVi brs 

6 hrs 1 

1 

1 1 % hrs 



Ulcer located in the first inch of the duodenum caused an increase 
in the motility of the empty stomach in all of the six dogs (Table 3, 
Figs 9, 10, 11 and 12) This increase was very marked in three of 
them A delayed emptying time was observed (Table 4) in every 
animal One animal showed a high grade retention to the degree that 
frequently food, that is on a full meal, was present in the stomach 
twenty-four hours after feeding The hypermotihty and retention 
only lasted from two to four weeks On all these animals a necropsy 
was done and scars were found 

DISCUSSION 

These results show that the clinical symptoms of chronic ulcer 
with respect to disturbed motility and emptying time of the stomach 
can practically be duplicated experimentally by an acute ulcer The 
inhibition occurnng for two or three days after making the ulcer is 
explained by the observations of Luckhardt^® to the effect that gastritis 
inhibits motility, for a temporary gastritis is produced about the area 
of the injection of the silver nitrate Why ulcer of the pyloric portion 
of the stomach and duodenum should disturb motility and ulcer of the 
fundic portion of the stomach is a question yet to be answered 

28 Luckhardt loc cit Carlson, The Control of Hunger m Health and Dis- 
ease, Chicago, 1916 
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Fig 10 — Contractions from the same dog after forty -eight hours’ starvation following a duodenal ulcer 
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5 IS IIYPERMOTILITY AND DELAYED EMPTYING OF THE STOMACH IN 
DUODENAL ULCER DUE TO AN INTRINSIC OR 
EXTRINSIC MECHANISM ^ 

Hypermotility and delayed emptying of the stomach as a result 
of duodenal ulcer may be caused by either one or a combination of 
four mechanisms (1) to a long reflex to the cord and medulla, (2) to 
a short reflex to the celiac ganglion, (3) to a local intrinsic reflex, 
(4) or to an altered metabolic late Carlson-” and Cannon”” have 
shown that the isolated empty or full stomach, that is, with the 
extrinsic nerves sectioned, manifests normal movements The move- 
ments of the isolated empty stomach are chiefly Type I, Types II and 
III, contractions seldom appearing Brunemeier and Carlson”^ found 
that inhibition of contractions by acids, alkalies, water, milk, etc , occur 
m the isolated stomach, showing that it was possible to inhibit move- 
ments of the stomach via local or short nerve paths Hicks and 
Vischer”” showed that duodenal regurgitation when acid was in the 
stomach and that the characteristic movements by which this was 
accomplished occurred in the isolated stomach and duodenum But 
the literature presents no evidence as to whether augmentation, or 
increased motility, can be brought about by local reflexes On the 
other hand, the hteratuie draws our attention to the importance of 
the extrinsic mechanism and uses the vagus nerve to explain all con- 
ditions of hypermotility, retention, pylorospasms, etc , without con- 
sidering the possible importance of an intrinsic mechanism 

METHODS 

Both vagi and splanchnics were sectioned and the celiac plexus was 
extirpated Records were made of the motility of the empty stomach, 
using the criteria mentioned in Study 3 An acute ulcer was made m 
the first inch of the duodenum and changes in motility were observed 

Observations were made on the emptying time of the stomach 
before and after the ulcer A meal of 100 gm of ground meat mixed 
with 50 c c of water was fed 

RESULTS 

An increase in the motility of the isolated empty stomach occurred 
(Table 5") following the making of the acute ulcer m the duodenum 
(Figs 13, 14, 15 and 16) The degree of increase was not as great 
as that noticed when the extrinsic nerves were intact (Table 3) All 

29 Carlson, A J Am J Physiol 32*369, 1913 

30 Cannon, W B Am J Physiol 36 191, 1915 

31 Brunemeier and Carlson-* Am J Physiol 36 191, 1915 

32 Hicks and Vischer Am J Physiol 39 1, 1915 
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TABLE 5 — Motility of the Stomach Before and After Ulcer of the Duo- 
denum IN Dogs with Both Vagi and Splanchnics Sectioned 
AND Celiac Plexus Extirpated, Twenty-Four 
Hours’ Starvation 




1 Average 


1 Ai ernge 

erage 


Dog 

' Height of 

Type 

! Length of 

Length of 


Contraction 


Hunger Period 

Rest Period 

I 

Before 

G cm 

I 

, 1 hr 4p min 

2 hrs 


After 

9 cm 

I 

j 3 hrs 20 min 

2 hrs 

I-A 

Before 

4 cm 

I 

1 hr 

1 hr 


After 

8 cm 

I 

2 hrs 

45 min 

XXXIII 

Before 

Contraction 
negligible 
on 24 hrs 
starvation 





After 

8 cm 

1 

3 hrs 

30 min 

XXI 

Before 

5 cm 

I 

30 min 

1% hrs 


After 

7 cm 

1 

I 

1 

hrs 

' 

20 min 



Fig 13 — Contractions from Dog 33 (Tables 5 and 6) with both vagi and 
splanchnic sectioned and celiac plexus extirpated and starved twenty-four hours 
Note type of contractions in the isolated stomach 


TABLE 6 — Showing Emptying Time of the Stomach Before and After 
Ulcer of the Duodenum in Dogs with Both Vagi and Splanch- 
nics Sectioned and Celiac Plexus Extirpated 


Hog 


Normal Time of 

Emptying Time 

Emptying of Isolated 

after Ulcer of 

Stomach 

Duodenum 

^V^. hrs 

4?4 hrs 

334 hrs 

5 hrs 

3 brs 

5 hrs 


Time Delayed 


I-A 

xxxm 

XXI 


11^ hrs 
2^4 hrs 
2 hrs 
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contractions were Type I, showing that the prevalence of Types II 
and III in normal animals (Table 3) with duodenal ulcer was due to 
an extrinsic mechanism 

The emptying of the stomach was delayed (Table 6), not so much 
as when the extrinsic nerves were intact (Table 4) 

During the course of this study Brunemeier and Carlson’s^^ obser- 
vations on the inhibitory effect of alkalies and acids on the motility 
of the isolated stomach was repeated and confirmed 

DISCUSSION 

These results show that the fundamental cause of the gastric hyper- 
motility and delayed emptying of the stomach in duodenal ulcer is 
intrinsic, and that it is enhanced by the presence of the extrinsic ner- 
vous mechanism, the role of the latter being to increase the frequency 
of the contractions occuring on gastric tone, or Types II and III 

Although these results show that hypermotihty and delayed empty- 
ing of the stomach in duodenal ulcer are due to intrinsic mechanism, 
they do not teach us the nature of the mechanism There are two 
possibilities (1) an increased irritability of the intrinsic nervous 
reflex, and (2) an altered metabolic rate 

ADDENDUM 

Since writing this article my attention has been called to an article 
by Carman^® in which he differentiates between extrinsic and intrinsic 
spasm by the use of atropin He states that “intrinsic spasm plays an 
important part in the roentgenologic evidence of duodenal ulcers, and 
that in the absence of spasm no deformity of the bulb would be seen 
in many instances, and the case passed as negative ” It is very inter- 
esting and important to note that my experimental results corroborate 
this clinical finding 


33 Carman, R D J A M A 66 1283 (April 22) 1916 



THE EFFECT OF ROENTGEN RAYS ON THE 
METABOLISM OF CANCER PATIENTS 

RICHARD N DeNIORD, MD, BERNARD F SCHREINER, MD 

AND 

HOLLIS H DeNIORD, MD 

BUFFALO ^ 

The ever increasing scope of blood chemistry studies has enabled 
us to estimate quantitatively factors representing protein, fat, car- 
bohydrate and salt metabolism and storage 

Everyone is familiar with the cachexia of cancer sufferers, and 
the early stage at ^vhlch it sometimes appears, making it practically 
a diagnostic symptom of malignancy With this m mind, our efforts 
have been directed toward the actual cause of the loss of weight, 
whether due to (1) deficient food intake, (2) absorption of toxins 
from secondary infection of the tumor, or (3) to some specific action 
of cancer cells that prevents storage and utilization of foodstuffs 
Following radium and roentgen-ray treatments, many patients show 
marked improvement or are cured, and the question arises as to 
whether the roentgen ray produces any discernible change in the blood 
chemistry and how long such a change must exist to affect a general 
improved metabolism, and whether the effect of the roentgen ray is 
a general one or only a local destructive action on tumor cells 

We, therefore, chose ten readily estimable factors for the study 
of the blood chemistry, and the complete studies were made immedi- 
ately before roentgen ray exposure, one half an hour after, and on 
the next day, approximately twenty-four hours afterward The entire 
study is preliminary to, and in the nature of a report of the broader 
observations with which we are now engaged The following were 
estimated in mg per 100 cc of blood in each instance 1 Urea 
2 Creatmin 3 Uric acid 4 Chlorids 5 Cholesterol 6 Fatty 
acids 7 Total fats 8 Sugar 9 Diastatic activity 10 Plasma 
and corpuscle percentage The cases selected for study were not 
taken at random as only those patients were selected who were 
practically free from renal disease, in order to obviate the matter 
of retentions Several control studies were made on normal people 
subjected to the same roentgen-ray exposure With another control 
group of cancer patients, we took 60 c c of blood at the same interval 
as in the roentgen-ray studies but without roentgen-ray exposure 

* From the New York State Institute for the Study of Malignant Disease, 
Buffalo, N Y H R Gajlord, MD, Director 
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UREA 

The urea content of the blood has been much studied as to its 
source and utilization It bears a close relation to the amino acids 
and its production probably depends on the activity of all the Ining 


TABLE 1 — Urea. Nitrogen Content of Blood 
^Ig per 100 c c 



Before 

One Half Hour 
After 

Twentj Four Hours 
After 


Roentgen-Ra\ 

Roentgen Ra\ 

Roentgen Ray 

Number 

Exposure 

Exposure 

Exposure 


Per CenL 

Per Cent 

Per Cent 

1 

56 

14 0 

84 

2 

12 0 

210 

12 6 

3 

98 

140 

14 0 

4 

56 

70 

140 

5 

168 

196 

15 4 

6 

14 0 

70 

84 

7 

12 6 

140 

84 

8 

70 

42 

28 

9 

118 

14 0 

168 

10 

84 

13 6 

33 6 

11 

118 

12 6 

98 

12 

154 

16 8 

14 0 

13 

98 

12 6 

84 

14 

98 

84 

98 

15 

98 

140 

12 6 

16 

12 6 

15 4 

14 0 

17 

112 

14 0 

23 8 

IS 

98 

25 2 

112 

19 

98 

12 6 

12 6 

20 

23 8 

154 

168 

21 

11 2 

23 8 

18 6 

22 

56 

84 

5 6 

23 

14 0 

140 

14 0 

24 

112 

112 

70 

25 

112 

84 

SIS 

26 

19 7 

210 

112 

27 

14 0 

12 6 

22 4 

28 

16 8 

23 8 

18 2 

29 

112 

154 

210 

30 

56 

98 

5 6 

31 

12 6 

178 

196 

32 

84 

112 

25 2 

33 

12 6 

14 0 

112 

34 

5 6 

23 8 

210 

35 

118 

266 

98 

36 

906 

15 4 

210 

37 

12 0 

18 0 


38 

168 

18 2 


39 

29 5 

28 0 


40 

84 

98 


41 

98 

14 0 



cells rather than of any fixed group With renal injur)'-, either 
slight or severe urea is so consistently retained and piled up m the 
blood stream that a definite prognosis can be given such a case on the 
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amount of urea present It is an excellent kidney function index, 
and can be used practically alone as such, if the protein intake is 
known McLean and Mosenthal have worked out the index of urea 
excretion with precision and added much to our knowledge of its 
value m the prognosis and treatment of various renal diseases 

Its relation, however, if it has any special one, to malignancy has 
not yet been recorded, and the few observations we make at this time 
are entirely preliminary to our more complete studies of urea and 
the ammo acids m relation to cancer There is some question as to 
whether the rapidly growing tumor cells have a special activity as 
regards urea and ammo acid chemistry, apparent early in the pre- 
cancerous condition and which would thereby aid in diagnosis and 
treatment at an earlier stage Of the forty-one cases studied, eleven 
patients were improving, seven had had tumors removed and were 
improving, twelve were progressing and six were clinically well 
Thirty-one cases showed increased urea, one half hour after roentgen- 
ray exposure, and of these, twenty still showed increased urea on the 
day following Of the seven cases with urea decreased one-half 
hour after roentgen-ray exposure, five were progressive with no 
improvement, one was a healthy person and one had an improving 
epithelioma of the nose 

It can, therefore, be seen that there is nothing characteristic about 
the conduct of urea formation that would aid in early diagnosis 
without the simultaneous ammo acid and protein intake studies The 
increase in urea was at no time exceedingly high It was only a 
relative increase The reduction of body proteins into amino acids, 
and urea formation therefrom could account for the slight increases, 
and it IS quite possible that the tumor cells, exposed to the roentgen 
rays, themselves furnish enough ammo acids to account for the increase 
in urea in some of the cases The increase one-half hour afterward 
in some cases, and not until the day following in others, can be 
accounted for partly by the variation of response of living tissue to 
the same stimulus It is possible that the conversion of proteins to 
ammo acids is accelerated in these exposed cases by ferments activated 
by the rays, m which case the exposure of any part of the body 
other than the tumor would have the same effect on the urea chemistry 
As there is still some indecision as to whether there as actually the 
same result ^\lth diffuse exposure to roentgen rays we cannot at 
present make a definite statement The urea determinations were 
made by the urease, areation and titration method with control checks, 
to insure their accuracy 
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CREATIN AND CREATININ 

The Study of the metabolism of creatin and creatmm m malignancy 
has been very limited, and it has only been in recent years that the 
definite relationship between the two has been made clear Methods 

TABLE 2 — Creatinin Content of Blood 
Mg per 100 c c 



Before 

Roentgen Ray 

Number 

Exposure 
Per Cent 

1 

0 66 

2 

0 26 

3 

08 

4 

083 

5 

0 71 

6 

0 43 

7 

0 52 

8 

0 58 

9 


10 

08 

11 

10 

12 

0 73 

13 

08 

14 

1 1 

15 

0 89 

16 

0 99 

17 

04 

18 


19 

0 714 

20 

0 83 

21 

0 909 

22 

0 909 

23 

08 

24 

0 909 

25 

09 

26 

0 59 

27 


28 

05 

29 

105 

30 

0 63 

31 

0 87 

32 

10 

33 

095 

34 

083 

35 

0 83 

36 

181 

37 

066 

38 

12 

39 


40 

0 81 

41 

0 57 


One Half Hour 

Twenty Four Hours 

After 

After 

Roentgen Ray 

Roentgen Ray 

Exposure 

Exposure 

Per Cent 

Per Cent 

0 571 

0 09 

0 63 

05 

0 62 

07 

0 67 


0 68 


0 58 

05 

0 55 

0 35 

,0 39 

0 45 

0 56 

013 

0 91 

0 72 

085 

137 

1 1 

0 57 

0 76 

071 

099, 

05 

08 

105 

04 

04 

0 714 

101 

1 142 

125 

2 22 

05 

0 52 

026 

125 

0 71 

0 909 

0 606 

044 

0 54 

0 67 

0 72 

05 

0 53 

0 571 

0 09 

0 53 

05 

05 

083 

11 

08 

085 

09 

084 

087 

0 83 

0 83 

133* 

1 1 

0 71 


12 


0 85 


0 88 



for the determination of these factors in the blood can still be 
improved In our work we used acetic acid precipitation of the 
blood and picric acid precipitation with parallel results but rather 
low readings Although m all instances it was possible to recover 
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creatinm which we added to the blood, we are not satisfied that we 
have completely extracted the creatinm already present in the blood 
Meyer and Fine^ have shown, that creatin is slowly changed to 
creatinm even in pure solution, and much more rapidly m autolyzing 
muscle tissue The increased creatinm m the blood m nephritis 
IS due most probably to a retention rather than to an endogenous 
increase as it becomes much higher in the blood than in the muscle 
tissue Itself, and there is practically no alteration m the creatinm 
content of either Marcelle WahP studied creatm m the urine of a 
variety of diseases, and among them some cases of cancer In cancer 
with no metastasis m the liver he found barely a trace of creatm, 
but, on the contrary, m cases of cancer with liver metastases the 
elimination of creatm was definitely high 

R A Chisholm^ reported a study of creatinm content of muscle 
in malignancy, but although there is a great deal of literature on 
the relation of creatm and creatinm to muscle activity, starvation, 
pregnancy, nephritis, etc , further studies have been much lacking m 
regard to this factor and its relation to cancer 

Fifteen of our cases had an increased amount of creatinm m 
the blood one-half hour after roentgen-ray exposure, in twenty cases 
it decreased the day after, and m eight it was still increased on the 
day following when three cases showed no change m the amount of 
creatinm and eighteen cases were decreased one-half an hour after 
roentgen-ray exposure There were no renal cases and no creatinm 
content greater than would be expected m the normal person 

We can find nothing characteristic of cancer m the variation of 
the creatinm content of the blood, and apparently there is no altera- 
tion of creatinm metabolism m this disease 

URIC ACID 

Uric acid was discovered m urinary calculi m 1776 by Schule, 
and 111 gouty tophi by Wallaston m 1797 In 1882, Salkowski intro- 
duced a method for the quantitative estimation of uric acid, and 
altogether, during the past century and a half, an enormous amount 
of research has been done on this subject not only on humans, but on 
the lower animals, including birds 

About 1899, Emil Fischer classified uric acid as a definite chemical 
entity, and showed its relation to the purm nucleus and other bodies 
as hypoxanthm, xanthm, adenm, and guanm, all of whose structures 

1 l^Ijers, V C, and Fine, MS J Biol Chem 21 460 (June) 1915 

2 Wahl, Marcelle Arch de med exper et d’anat path 28 No 2 

3 Chisholm, R A Biochem J 4 243, 1911 
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depend on slight changes aiound the purin nucleus Salmon, in 
1880, discovered that purin bases exist in nuclein of cell nuclei, and 
that the products obtainable from neucleoproteins are varied and 
numerous 

TABLE 3 — Uric Acid Content of Blood 
Mg per 100 c c 



Before 

One Half Hour 
After 

Twenty Pour Hours 
After 

Number 

Roentgen Ray 

Roentgen Ray 

Roentgen Ray 

Exposure 

Exposure 

Exposure 


Per Cent 

Per Cent 

Per Cent 

1 

29 

4 

4 

2 

32 

2 42 

41 

3 

3 75 

2 66 

315 

4 

3 

2 85 

3 

5 

129 

126 

0 93 

6 

25 

2 85 

3 92 

7 

44 

39 

4 

8 

2 66 

3 33 

38 

9 

4 46 

2 94 

1 1 

10 

-3 8 

36 

36 

11 

3 

33 

4 

12 

2 

2 35 

133 

13 

19 

2 85 

29 

14 

2 58 

1 87 

175 

15 

2 

1 14 

25 

16 

25 

25 

26 

17 

3 63 

3 07 

38 

18 

174 

3125 

3 85 

19 

189 

189 

3 63 

20 

217 

185 

181 

21 

28 

3 

25 

22 

22 

25 

19 

23 

181 

33 

181 

24 

3 

3 

13 

25 

53 

4 

4 

26 

55 

6 25 

3 57 

27 

55 

5 

4 54 

28 

2 

13 

4 

29 

2 02 

25 

55 

30 

2 85 

3 07 

5 71 

31 

2 

25 

25 

32 

3 33 

3 65 

32 

33 

129 

193 

128 

34 

2 34 

3 63 

3 63 

35 

181 

2 27 

3 22 

36 

18 

27 

1 15 

37 

2 71 

0 857 


38 

2 

217 


39 

3 28 

3 57 


40 

1 8 

2 


41 

23 

21 



The normal range of* uric acid m the human blood is from 0 5 
to 15 mg per cent It is rarely below 0 5 mg and commonly 
over 1 mg 

The sources of uric acid in the blood may be divided into 1 Exog- 
enous or ingested 2 Endogenous or from body catabolism 



38 


ARCHIVES OF INTERNAL MEDitiNE 


The exogeneous source of unc acid is from foods containing 
purins and nucleoproteinsj such as meat extractives, glandular tissue, 
peas, beans, etc The purins ingested as free base or as nucleic acid 
are at least partially converted into uric acid which is the most highly 
oxidized member of the purin compounds We still know very 
little of catalytic processes of purins in the body Uric acid in the 
blood is excreted for the most part and very little is oxidized in the 
body Its excretion is increased after ingestion of purins or any 
food that increases its concentration in the blood Uric acid is a 
physiologic diuretic and its excretion depends chiefly on kidney cell 
activity so that it is being constantly excreted in varying amounts, 
but always with an effort at maintaining a constant concentration in 
the blood If there is any kidney injury, such as occurs with varying 
degrees of nephritis, the threshold of excretion of uric acid is raised 
and the “constant concentration” of the uric acid in the blood is much 
higher than normal and may reach a level of from 6 to 8 mg per 
cent This level may become very high with unrestricted purin diet, 
but, of course, in a true retention of uric acid there are the other 
signs and sjunptoms of renal insufficiency to aid in a diagnosis 
There is the gouty type in which there seems to be a selective 
retention of uric acid Purin diet, in these cases, gives a very high 
blood uric acid which, however, is excreted on the administration of 
atophan and salicylates, until a normal level is reached The high 
uric acid of renal insufficiency does not behave in this way, as medi- 
cation acts only as an irritant to the already overworked cells and 
serves to cause a greater retention than before In an actual nephritis, 
where the uric acid in the blood comes from both exogenous and 
endogenous sources, its concentration in the blood can be lowered 
effectively by restricting all purin foods We can see what an impor- 
tant part the exogenous source of uric acid plays in keeping up the 
normal amount of uric acid in the blood It is easily observed and 
controlled, and it is quite simple to eliminate this source of a high 
uricacidemia, in making a study of a case 

Endogenous uric acid has several sources, much more difficult to 
study than the exogenous variety We are unable to tell exactly 
where the endogenous purin precursors of unc acid are, but we 
can say that the breaking down of body purins, such as the free 
hypoxanthin of muscle, and the breaking down of nucleoprotem from 
pus cells as in focal infection or leukocytosis, or from local necrosis 
in any parenchymatous tissue, form the chief sources of endogenous 
unc acid Exercise, of course, increases the unc acid in the blood 
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and it IS well known that uric acid is increased in the leukemias 
where there are so many leukocytes constantly breaking down and 
undergoing digestion Valuable information can be obtained as to 
the existence of focal infection by studying the uric acid m the blood 
and eliminating other causes of a high uric acid, such as food, exercise, 
nephritis, etc With these ruled out the uric acid must be derived 
from some focus of infection from which a constant stream of nucleo- 
protem and purin material is being poured into the blood stream 

The amount of uric acid in the blood depends on the area and 
degree of absorption from the above mentioned sources We have 
seen the high uric acid of several patients drop to normal after the 
removal of areas of absorption, as in infected tonsils, gangrenous 
toe, alveolar abscesses, necrotic epitheliomas, etc , absorption from 
the areas of degenerating material undoubtedly being the cause of the 
high unc acid content in each case 

With these simple, well known facts in mind, we included the 
observation of the uric acid in the blood in our roentgen-ray study, 
believing that a temporary and possibly a permanent change could 
be produced in an individual exposed to the rays All cancer cases 
do not necessarily have a high uric acid content in the blood, espe- 
cially where the tumor is uninfected If, however, there has been 
infection of the mass with central necrosis, the uric acid is increased 
directly in proportion to the amount of absorption of nucleoprotein 
material 

Of the thirty-six patients studied, only two had a normal uric 
acid in the blood before roentgen-ray exposure In twenty cases 
the uric acid was increased, one-half hour after roentgen-ray exposure, 
and in sixteen cases it was lower after than before such exposure 
Fourteen of these sixteen cases had an excessively high uric before 
roentgen-ray treatment On the day following treatment, twenty 
patients still had a high uric acid, m fifteen the uric acid was lower 
than before roentgen-ray exposure and m the remaining case the 
uric acid was unchanged Of the fourteen cases m which the uric 
acid was lower on •the day following roentgen-ray exposure, four 
patients were becoming worse, two were improving, four were 
operated on with no recurrence, one patient, a control case, was not 
subjected to roentgen-ray treatment Of the twenty-two patients hav- 
ing an increased uric acid content the day after roentgen-ray exposure, 
one was becoming worse, four were improving, two were operated 
on with no recurrence , three were clinically well , one patient left and 
has not returned , one patient is a normal roentgen-rayed control The 
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three noncancerous control persons were not exposed to the rays 
quite as long as were the patients They had a lower unc acid con- 
tent on the day following roentgen-ray exposure Four of the patients 
studied have since died from their cancers, three having a very high 
uric acid content on the day following roentgen-ray exposure and 
the other remaining unaltered 

There is no relation between the progress of the patient and the 
.uric acid in the blood Roentgen rays can be said to increase the 
uric acid content of the blood only by destruction of tissue or by 
causing a leukoqytosis with subsequent destruction of leukocytes pro- 
ducing a uric acid increase for a short period of time The effect 
of the roentgen ray varies in different individuals, some getting a 
more severe reaction than others, so that the amount of increase of 
unc acid in the blood depends on the dosage of roentgen rays, the 
condition of the tumor and the condition of the patient Here, neither 
an increase nor a decrease in uric acid is permanent It may last 
a few hours or a few days 

Rosenberg, in 1906, observed the uric acid excretion in leukemias 
and some other diseases He reported on increased excretion in 
the leukemias only No blood studies were made at the time, but 
there must have been with the increase m urinary excretion a corre- 
sponding increase in the uric acid content of the blood 

CHLORIDS 

The normal range of chlorids in the blood as sodium chlorid varies 
from 400 mg to 650 mg Five of our patients had a chloridemia of 
more than 650 mg before treatment They had either mouth or 
laryngeal or esophageal cancers and drank very little water These 
same individuals had high corpuscle percentages and none of them 
were in any marked degree nephritic 

Thirty-five patients had normal blood chlorids before roentgen- 
ray exposure One half-hour after roentgen-ray treatment the chlorids 
ere slightly increased in quantity in sixteen cases, decreased m twenty 
cases and unchanged in four cases Of these cases, five only were 
out of normal limits Twenty-four hours after exposure, fifteen 
patients still had a higher chlorid content than they had before being 
rayed, and in twenty patients it was lower 

The total range of chlorid concentration was within normal limits 
in all but SIX cases, m five of these it was abnormally high during the 
whole period of observation, due to the low fluid intake, and in one 
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case the chlond content had increased from normal to a hyper- 
chloridemia on the day following treatment 

The sodium chlond content of the blood of cancer patients is 
normal, and is unaffected by roentgen rays 


TABLE 4 — Chlorid Content of the Blood 
Mg per 100 c c 



Before 

One Half Hour 
After 

Twenty Four Hours 
After 


Roentgen-Ray 

Roentgen Ray 

Roentgen Ray 

Number 

E'^posure 

Exposure 

Exposure 


Per Cent 

Per Cent 

Per Cent 

1 

450 0 

475 0 

337 5 

2 

437 5 

413 0 

4500 

. 3 

5250 

400 0 

437 5 

4 

563 0 

4000 

475 0 

5 

437 5 

437 5 

425 0 

6 

412 0 

437 5 

437 5 

7 

437 5 

437 5 

437 5 

8 

4250 

475 0 

4870 

9 

425 0 

450 0 

425 0 

10 

275 0 

437 5 

500 0 

11 

400 0 

437 5 

423 5 

12 

463 5 

375 0 

5000 

13 

475 0 

463 5 

463 5 

14 

475 0 

435 0 

437 5 

15 

463 5 

437 5 

4500 

16 

475 0 

435 0 

700 0 

17 

720 0 

8000 

6000 

18 

712 5 

8500 

993 5 

19 

337 5 

428 0 

462 5 

20 

3378 

312 5 

487 5 

21 

462 5 

500 0 

425 0 

22 

5000 

600 0 

463 0 

23 

425 0 

475 0 

512 5 

24 

525 0 

412 0 

475 0 

25 

437 5 

437 5 

4250 

26 

250 0 

475 0 

5500 

27 

375 0 

275 0 

425 0 

28 

432 5 

412 5 

462 5 

29 

475 0 

437 5- 

462 5 

30 

450 0 

462 5 

239 5 

31 

460 0 

425 0 

460 0 

32 

650 0 

6000 

6200 

33 

700 0 

6670 

687 5 

34 

362 5 

562 5 

437 5 

35 

462 5 

635 0 

463 5 

36 

563 0 

475 0 

475 0 

37 

525 0 

400 0 


38 

703 0 

705 0 


30 

875 0 

925 0 


40 

450 0 

435 0 


41 

375 0 

387 5 



CHOLESTEROL 

Cholesterol was discovered in gallstones by Conradi, in 1775, and 
named, m 1815, by Che\raul and since that time ver}’- little progress 
has been made until during the last fifteen years, when with newer 
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and more accurate methods, comparative studies have been possible 
Physiologists practically all agree now that cholesterol is ingested 
with the food, liberated m the intestinal tract, is then estenzed and 


TABLE 5 — Cholesterol Contfnt of Blood 
M g per 100 c c 



Before 

One Half Hour 
After 

Twenty Four Hours 
After 


Roentgen Raj 

Roentgen Ray 

Roentgen Ray 

Number 

Exposure 

Exposure 

Exposure 


Per Cent 

Per Cent 

Per Cent 

1 

1210 

1150 

2870 

2 

1250 

1562 

130 0 

3 

233 0 

198 0 

2650 

4 

267 0 

198 0 

2500. 

5 

163 0 

187 0 

375 0 

6 

1750 

187 5 

69 3 

7 

175 0 

178 0 

1750 

8 

94 0 

1750 

1090 

9 

120 0 

1250 

1500 

10 

1600 

234 0 

175 0 

11 

208 0 

2690 

250 0 

12 

187 5 

312 5 

312 5 

13 

137 0 

1890 

2690 

14 

185 0 

144 0 

1250 

15 

178 0 

320 0 

312 0 

16 

138 0 

1250 

1870 

17 

208 3 

208 3 

208 3 

18 

1790 

108 7 

* 

19 

107 75 

237 3 

2500, 

20 

133 8 

84 0 

104 0 

21 

156 2 

187 5 

178 5 

22 

208 0 

2340 

208 0 

23 

187 5 

2260 

210 6 * 

24 

288 0 

1704 

208 3 

25 

175 0 

104 0 

93 0 

26 

187 0 

133 0 

133 0 

27 

1560 

187 0 

133 0 

28 

98 0 

1562 

1562 

29 

670 

1562 

162 5 

30 

134 0 

156 2 

187 5 

31 

180 0 

250 0 

270 0 

32 

208 3 

2500 

163 0 

33 

1913 

150 0 

144 2 

34 

173 6 

173 6 

185 6 

35 

102 9 

183 8 

208 3 

36 

200 0 

2340 

2340' 

37 

1870 

395 0 

5k 

38 

175 0 

1750 

* 

39 

208 3 

208 3 

5k 

40 

1500 

187 5 

5k 

41 

208 3 

187 5 

* 


* No estimation made 


absorbed by the lymphatics to be delivered to the blood stream and so 
distributed to the body cells This exogenous source of cholesterol 
IS the largest and most important one Later, as these cells die and 
become autolyzed, their content of cholesterol is again delivered to 



DeNIORD ET AL— ROENTGEN RAYS AND CANCER 


43 


the blood stream, removed by the liver, excreted through the bile and in 
large part reabsorbed, thus forming the endogenous source of choles- 
terol, if it may be so called ^ There is no proof that cholesterol may 
be synthesized in the body In the egg it has been shown that there 
IS no gam in cholesterol during the incubation of the cluck ® The 
body depots for blood cholesterol are the skin, eye tissues, biliary 
vesicles and the atheromatous areas of arteries 

Ignatowski, of the Russian school at St Petersburg, first observed 
tissue lesions resulting from abnormal foods He suspected animal 
proteins to be the cause of the injury Stuckey® showed that egg white 
and meat juice, fat and lecithin had no effect, but that cholesterol 
gave uniform results It caused an increased endothelial activity, the 
arteries of the lung tissue showing the greatest arterial changes, then 
those of the kidney, heart and spleen The suprarenal cortex, liver 
cells and intima of arteries act as intermediate organs for the final 
disposal of cholesterol esters 

In man as in animals the excretion of cholesterol in the feces can 
be accounted for by that taken in with the food when the body weight 
remains constant If, however, a rapid loss in weight takes place, 
the output of. cholesterol exceeds the intake This total and free 
cholesterol is very constant per kilogram of body weight On forced 
cholesterol feeding or m a marked cholesterinemia considerable choles- 
terol has been found in the suprarenals as well as in the liver This 
fact gives rise to the question as to how much the suprarenals have 
to do with the cholesterin metabolism The liver and not the adrenals 
IS the chief organ for the control of cholesterin metabolism according 
to one author® Luden believes that faulty metabolism causing high 
cholesterol m the blood, is closely associated with cell proliferation 
She says that the integrity of the liver function plays an important 
and probably prominent part in the etiology of malignant disease 
She has shown that a patient with a malignant proliferation in the 
liver gives the highest cholesterol values in the blood ® 

In this study it was our intention to compare the cholesterol con- 
tent of the blood of cancerous people with normals, and to ascertain 
whether roentgen-ray exposure alters this content in any way 

Forty-one cases were studied Before roentgen-ray treatment, 
twenty-three patients had a hypercholesterinemia , thirteen were nor- 
mal One-half hour after roentgen-ray treatment, twenty-five had 

4 Taylor Digestion and Metabolism, 1912 

5 Doree and Gardner Proc Roy Soc . Lond 81 1909 

6 Klotz, O Med Res , 33 157 (Nov ) 1915 

7 Ellis, G W , and Gardner Proc Roy Soc , Lond 86 13, 1913 

8 Rothchild, M A Proc N Y Path Soc 14 229, 1914 

9 Stewart, M J J Path & Bact 19 305, 1914 
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reached a higher cholesterol figure than before , in three the cholesterol 
was unchanged, and in thirteen the cholesterol blood content was 
lo\\er Twenty-four hours after roentgen-ray treatment the choles- 
terol content in twenty cases had reached a higher figure , in six cases a 
third estimation was not made, in three cases the cholesterol content 
was unchanged, and in twelve cases it was lower than normal One- 
half hour after treatment the cholesterol content was higher in eleven 
cases, unchanged in six and lower m nineteen cases In six cases 
no estimation was made We are unable to draw any definite con- 
clusions from these results in regard to the size or type of tumor. 
Its location or the duration of the exposure to the rays On the 
other hand, one-half hour after roentgen-ray treatment, we find that 
in 61 per cent of our series of forty-one cases the cholesterol figures 
were higher than they were before treatment In 31 per cent of the 
cases the cholesterol content was lower than before treatment The 
findings twenty-four hours afterward are not any more conclusive 
but they are of interest in that they indicate the ability of the organism 
to handle an excess of cholesterol Whether this is an index of one 
of the functions of the liver or simply of a lowered ability of the 
tissues to combine with the cholesterol, we cannot say We can say, 
however, that exposure to roentgen ray in the majority of cases causes 
an increase in cholesterol content m the blood, although this increase 
is not proportional to the time of exposure or the type of tumor 
It probably is due to the autolysis of the cells by the rays, resulting 
in the liberation of this substance 

FATTY ACIDS 

If we take 500 mg as the high normal of fatty acids, we find 
that in thirty-six cases, or 90 per cent, the fatty acid content of 
the blood is higher than normal before roentgen-ray treatment One 
half hour after exposure, an increase in the fatty acids was found in 
thirty-four cases, or 83 per cent , a decrease from the first estimation 
in thirty-five cases, or 61 per cent , an increase over the first estima- 
tion in twelve cases, or 31 per cent , and in three cases, or 8 per cent , 
the amount of fatty acids was practically unchanged Twenty-four 
hours after exposure there was an increase in the fatty acids in the 
blood in twenty-eight cases, or 80 per cent , a decrease from the first 
estimation m twenty-six cases, or 72 per cent , and an increase from 
the first estimation m six cases, or 16 per cent 

It IS eMdent that this series of cancer cases has a very high per- 
centage of increased fatty acids in the blood, and that this percentage 
IS reduced by roentgen-'^ay exposure In most of these cases, the 
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decrease was noted one-half hour after the exposure, although the 
percentage of cases shouing decreased fatty acids was still larger at 
the end of twenty-four hours We can say, therefore, that roentgen- 
ray exposure oxidizes the fatty acids and that the results of this 

TABLE 6 — Fatty Acids in the Blood 
;Mg per 100 c c 



Before 

One Half Hour 
After 

T^^entJ Four Hours 
After 


Roentgen Ra^ 

Roentgen Ra\ 

Roentgen Raj 

Number 

Exposure 

Exposure 

Exposure 


Per Cent 

Per Cent 

Per Cent. 

1 

788 0 

702 0 

405 0 

2 

774 0 

6778 

704 0 

3 

943 0 

13400 

6870 

4 

785 0 

978 0 

6590 

5 

7460 

813 0 

375 0 

6 

480 0 

4791 

643 9 

7 

6582 

562 0 

565 0 

S 

798 8 

5382 

557 0 

9 

620 0 

4810 

5050 

10 

515 0 

430 0 

400 0 

11 

1354 0 

1397 0 

8310 

12 

1553 5 

739 5 

687 5 

13 

16810 

2033 0 

6319 

14 

11140 

1376 0 

9270 

IS 

9980 

930 0 

7890 

16 

20840 

10870 

527 0 

17 

947 7 

849 7 

757 7 

18 

1000 0 

9170 

1149 0 

19 

1086 0 

909 0 

909 0 

20 

14380 

11170 

9660 

21 

12718 

1351 5 

1271 5 

22 

968 0 

675 0 ' 

792 0 

23 

13515 

683 0 

7894 

24 

823 0 

940 6 

591 7 

25 

459 0 

784 8 

713 4 

26 

436 0 

481 0 

533 0 

27 

533 0 

479 0 

527 0 

28 

795 0 

612 8 

647 8 

29 

706 0 

612 8 

912 5 

30 

735 0 

584 8 

479 5 

31 

772 0 

720 0 

6680 

32 

940 7 

879 0 

1020 0 

33 

774 7 

788 0 

780 0 

34 

11164 

527 4 

743 4 

35 

8461 

566 2 

5917 

36 

436 0 

345 0 

442 0 

37 

722 0 

9090 

* 

38 

* 


* 

39 

687 7 

604 7 

* 

40 

683 0 

1293 5 


41 

6067 

923 5 



*No estimation 


last at least twenty-four hours Further than this we do not care 
to express ourselves at present At a future date ve hope to have 
a more complete series of fat studies and to be able to draw a more 
definite conclusion 
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TOTAL FATS 

The digested fat of the diet is split into glycerol and fatty acids, 
which recombine in the cells of the intestinal mucosa into the original 
fat The greater part of the fat is then collected in the lacteals and 


TABLE 7 — ^Total Fats in the Blood 
Mg per 100 cc of blood 


Number 

Before 

Roentgen Ray 

One Half Hour 
After 

Roentgen Ray 

Twenty Four Hours 
After 

Roentgen Ray 

E-?posure 

Per Cent 

E\posure 

Per Cent 

Exposure 

Per Cent 

1 

909 0 

8170 

6920 

2 

9090 

834 0 

834 0 

3 

1176 0 

1538 0 

9520 

4 

10520 

11760 

9090 

5 

909 0 

10000 

754 0 

6 

6550 

6666 

7132 

7 

833 3 

7400 

7400 

8 

8928 

713 2 

6660 

9 

714 0 

606 0 

6550 

10 

6570 

664 0 

6060 

11 

15620 

1666 0 

10810 

12 

17410 

1052 0 

1000 0 

13 

18180 

2222 0 

900 9 

14 

12990 

15200 

1052 0 

IS 

1176 0 

1250 0 

11110 

16 

22220 

1212 0 

714 0 

17 

11560 

1058 0 

9660 

18 

10000 

9190 

1149 0 

19 

10860 

909 0 

9090 

20 

14380 

11170 

966 0 

21 

1428 0 

1539 0 

14500 

22 

1176 0 

9090 

1000 0 

23 

15380 

909 0 

10000 

24 

11110 

11110 

8000 

25 

6340 

888 8 

8064 

26 

623 0 

6140 

666 0 

27 

689 0 

6660 

660 0 

28 

893 0 

769 0 

8340 

29 

773 0 

769 0 

9750 

30 

869 0 

7410 

6670 

31 

9520 

9700 

938 0 

32 

1149 0 

11290 

1183 0 

33 

960 0 

9380 

925 0 

34 

1290 0 

7010 

909 0 

35 

9500 

740 0 

800 0 

36 

636 0 

5790 

6760 

37 

395 0 

1000 0 

* 

38 

* 

* 

* 

39 

8960 

813 0 

♦ 

40 

833 0 

14810 

* 

41 

8150 

11110 

♦ 


*No estimation 


appears in the thoracic duct as an emulsion which is eventually 
emptied into the blood The portion of fat not absorbed by the lacteals 
enters the portal circulation directly as a fine suspension This fat 
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IS then slowly removed from the blood stream to be stored up m the 
organism as depot fat, m its original form, for one type of fat can- 
not be converted into another type Later on, the cells of the body, 
especially the erythrocytes, take up this fat from the plasma and 
transform it into lecithin^*’ which is an intermediate product in fat 
metabolism Fat is also formed from sugar This is the specific body 
fat and is stored in the connective tissues and liver until it is utilized 
Then, there is a small percentage of a fat protein combination to be 
considered In malignancy, with its attending cachexia, so common in 
the majority of cases, digestion and absorption of fats are normal, 
but there is very little, if any, fat storage It is difficult to arrive at 
a general average of the normal limits for the total fats in the blood 
So much depends on the time of collection of blood in relation to 
meals, the amount and type of food, and the rapidity of digestion 
However, as the bloods in this series were collected between nine and 
ten m the morning, one-half hour after the roentgen-ray exposure, and 
finally twenty-four hours afterward, we shall consider 700 mg as being 
the normal amount of total fats 

Of forty-one cases studied, thirty-four, or 83 per cent , showed 
a varying excess of total fat m the blood before exposure to the 
roentgen rays One-half hour after exposure to the roentgen rays, 
the first findings were increased in thirteen cases, and decreased in 
twenty-eight cases Twenty-four hours after, treatment with the 
roentgen ray, the first findings were increased m six cases and decreased 
m thirty cases Thus, the total fat content was diminished in 83 
per cent of this series of cases aftei exposure to the roentgen ray 
and in some cases the deciease was preceded by a slight rise of the 
total fat quantity 

To what IS this due 7 (a) To an inability of the cells to remove 

this suspension of fat from the blood ^ In this respect one notices 
in all cachectic states an almost constant milky appearance of the 
serum, or a lipemia (&) Or is this low or absent fat storage due to 
the fact that these cells cannot convert the blood suspension into a 
state suitable for storage^ 

Again, we can conclude, as in the case of the fatty acids, that there 
IS a definite increase m the blood fat which is markedly reduced for 
at least twenty-four hours after exposure to the roentgen rays, but 
we withhold any further conclusions till we have finished our more 
conclusive study 


10 Bloor, W R J Biol Chem 24 227 (March) 1916 
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Over a period of long observation we have taken the normal 
limits of blood sugar to be from 90 to 150 mg Twenty of our sub- 
jects had a blood sugar content of more than 150 mg which we 
ascribe to high carbohydrate diet and too little exercise, for the 


TABLE 8 — Sugar Content of the Blood 
Mg per 100 c c 



Before 

One Half Hour 
After 

Twenty Four Hours 
After 


Roentgen Ray 

Roentgen Ray 

Roentgen Ray 

Number 

E\posure 

Exposure 

Exposure 


Per Cent 

Per Cent 

Per Cent 

1 

143 0 

1900 

235 0 

2 

222 0 

210 0 - 

1810 

3 

133 0 

142 0 

200 0 

4 

160 0 

1140 

153 0 

5 

266 0 

2660 

500 0 

6 

256 4 

178 0 

1110 

7 

185 0 

1660 

800 

8 

222 0 

200 0 

68 0 

9 

174 0 

222 0 

200 0 

10 

2610 

250 0 

2170 

11 

133 0 

1000 

1180 

12 

100 0 

160 0 

143 0 

13 

154 0 

143 0 

133 0 

14 

182 0 

1210 

100 0 

15 

143 0 

1210 

133 0 

16 

108 0 

154 0 

1270 

17 

1170 

1170 

1170 

18 

80 0 

1540 

190 0 

19 

142 0 

153 0 

2200 

20 

123 0 

190 4 

1780 

21 

333 0 

333 0 

166 0 

22 

123 0 

188 0 

143 0 

23 

164 0 

1810 

1660 

24 

1330 

123 0 

166 0 

25 

1740 

143 0 

87 0 

26 

266 0 

2500 

142 0 

27 

166 0 

1660 

153 0 

28 

182 0 

182 0 

175 0 

29 

143 0 

143 0 

143 0 

30 

190 0 

200 0 

153 0 

31 

1170 

133 0 

1370 

32 

130 0 

130 0 

125 0 

33 

140 0 

140 0 

1420 

34 

160 0 

166 0 

133 0 

35 

188 0 

181 8 - 

152 0 

36 

135 0 

427 0 

1370 

37 

200 0 

1110 


38 

115 0 

1210 


39 

143 0 

143 0 


40 

133 0 

133 0 


41 

1300 

130 0 



bed patient always shows deficient oxidative powers We had one 
diabetic (Case 5) \vith a glycosuna in the series Of the patients 
studied, se^ eral had slight renal lesions, but the majority were normal 
as to blood chemistry 
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Before roentgen-ray tiealment, seven patients had hyperglycemia, 
twenty-one had normal sugar One-half hoUr after roentgen-ray 
treatment, fourteen patients had increased blood sugar, sixteen had 
decreased sugar, and in ten cases the blood sugar was unchanged 
Twentyfour hours aftei roentgen-ray treatment, fifteen patients had 


TABLE 9 — Diastatic Function of Blood 




One Half Hour 

Twentj Four Hours 


Before 

After 

After 


Roentgen Ray 

Roentgen Ray 

Roentgen Raj 

Number 

Exposure 

Exposure 

Exposure 


Per Cent 

Per Cent 

Per Cent 

1 

11 

42 

34 

2 

28 

30 

22 

3 

11 

12 

10 

4 

8 

8 

28 

5 

19 

60 

60 

6 

29 

14 

11 

7 

30 

44 

13 

8 

28 

17 

17 

9 

65 

12 

10 

10 

28 

17 

36 

11 

38 

SO 

21 

12 

20 

34 

18 

13 

13 

21 

23 

14 

13 

11 

37 

IS 

10 

6 

25 

16 

46 

49 

54 

19 

51 

48 

17 

20 

28 

62 

14 

21 

47 

13 

33 

22 

32 

7 

28 

23 

47 

44 

47 

24 

26 

30 

14 

25 

44 

44 

18 

26 

47 

22 

IS 

27 

47 

33 

69 

28 

20 

30 

38 

29 

21 

3 

9 

30 

34 

32 

58 

34 

48 

SO 

40 

35 

31 

43 

36 

36 

38 

96 

12 

37 

10 

17 


40 

28 

28 


41 

40 

40 



increased blood sugar, eighteen had a decreased blood sugar, and in 
two cases the blood sugar content was unchanged In the cases in 
which the blood sugar content was lowest following roentgen-ray treat- 
ment, the patients had received the largest doses, so we can say that 
the roentgen ray inci eases the oxidation of blood sugar This is true 
of any individual whether he has had malignant disease or not The 



52 


ARCHIVES OF INTERNAL MEDICINE 


•degree of oxidation brought on by the roentgen ray is undoubtedly 
dependent on the degree of hyperglycemia and the duration of the 
exposure The effect is not permanent, and a low blood sugar is not 
further oxidized, but, on the other hand, is increased 

DIASTATIC ACTIVITY OF BLOOD 

In one half of the cases the diastatic activity of the blood had 
increased one-half hour after exposure and in the other cases there 
Y as a decrease of diastatic activity The next day the diastatic 
actuity of one half of the cases studied had increased and m the 
remainder it had decreased As the diastatic activity of subjects 
treated under similar conditions did not show a consistent behavior, 
we can say that the roentgen rays have no special or permanent effect 
on the diastatic activity of the blood 

CORPUSCLE AND PLASMA PERCENTAGE 

The normal plasm and corpuscle volumes vary between 45 and 55 
per cent Ten c c of oxalated blood were centrifuged for five minutes 
and the percentage of corpuscles and plasma were read directly from 
the graduations on the tube The centrifuging was done in each 
instance at the same rate of speed and for the same period of time 
We found that longer centrifuging does not appreciably decrease 
the corpuscle percentage, and a tube of the oxalated blood standing 
upright in the icebox gives the same reading of corpuscle percentage 
Before roentgen-ray exposure, ten patients had a low corpuscle 
percentage , five had a high percentage, and in twenty-one it was 
normal Of these twenty-one subjects the corpuscle percentage was 
decreased in four one-half hour after they were exposed to the 
roentgen ray and also on the following day, three subjects had an 
increased corpuscle percentage one-half hour afterward, and five 
subjects showed an increase the day after treatment In sixteen sub- 
jects the corpuscle percentage remained normal one-half hour after 
exposure, and in eleven subjects the percentage was still normal the 
day after exposure Patients with a low corpuscle percentage were 
usually anemic Twenty-four hours after roentgen-ray treatment, 
eight subjects had a higher corpuscle percentage, fifteen had a decreased 
percentage and in eleven it remained normal 

Nothing of particular interest was observed in this study, except 
that the corpuscles quickly settle to their actual volume, and long 
centrifuging does not pack them any tighter There is nothing char- 
acteristic of the cancer patient in the corpuscle percentage, which 
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usually varies with the anemia Some of the patients were unable 
to drink much water, consequently the corpuscle percentage was high, 
although there was a marked degree of anemia 


TABLE 10 — Plasma and Corpuscle Percentage 
Volume percentage 





One Half Hour 

Twenty Four Hours 



Before 


After 


After 


Roentgen-Ray 

Roentgen Ra> 

Roentgen Ra^ 

Number 


Exposure 

Exposure 

Exposure 


Plasma Corpuscles 

Plasma Corpuscles 

Plasma Corpuscles 


% 

% 

% 

% 

% 

% 

1 

52 

48 

50 

SO 

47 

53 

2 

54 

46 

54 

46 

54 

46 

3 

50 

50 

SO 

SO 

53 

47 

4 

50 

50 

50 

SO 

SO 

SO 

5 

55 

45 

55 

45 

66 

34 

6 

53 

47 

55 

45 

55 

45 

7 

62 

38 

69 

31 

59 

41 

S 

50 

50 

55 

45 

SO 

50 

9 



35 

65 

32 

68 

10 

52 

48 

53 

47 

45 

55 

11 

50 

SO 

50 

SO 

50 

50 

12 

48 

52 

48 

52 



13 

SO 

SO 

50 

50 

SO 

50 

14 

SO 

SO 





15 

SO 

50 

50 

SO 



16 

48 

62 

50 

SO 

SO 

50 

17 

50 

50 

SO 

50 

50 

SO 

18 

54 

46 

SO 

50 

50 

50 

19 

72 

28 

56 

44 

58 

42 

20 

48 

52 

48 

52 

50 

50 

21 

48 

52 

45 

55 

45 

55 

22 

48 

52 

48 

52 

32 

68 

23 

60 

40 

50 

50 

52 

48 

24 

46 

54 

46 

64 

50 

50 

25 

62 

38 

60 

40 

75 

25 

26 

34 

66 

27 

73 

30 

70 

27 

44 

56 

50 

50 

41 

39 

28 

40 

60 

40 

60 

44 

56 

29 

50 

SO 

50 

50 

43 

57 

30 

SO 

50 

SO 

50 

50 

SO 

31 

28 

72 

26 

74 

40 

60 

32 

50 

50 

40 

60 

45 

55 

33 

67 

43 

50 

50 

50 

50 

34 

57 

43 

60 

40 

60 

40 

35 

56 

44 

58 

42 

61 

39 

36 

67 

33 

50 

50 

50 

SO 

37 

57 

43 

60 

40 



38 

28 

72 

30 

70 



39 

65 

35 

69 

31 



40 

50 

50 

50 

50 




SYNOPSIS OF CASE REPORTS 

All roentgen-ra}’^ treatments were applied directly to the lesion, 
except in Cases 6 and 25, m which the spleen was treated, and Case 27, 
in which the abdomen •\^as treated The control subjects. Cases 12, 
16 and 27, were not treated One patient, Case 23, was given radium 
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treatment Cases 22, 24 and 27 were nurses in a fairly good state 
of health They received small doses of the roentgen ray 

Case 1 (5462) — Male, age 50 , well Epithelioma of glans penis , removed 
at operation, Aug 7, 1917 Lymph nodes in both femoral and inguinal regions 
enlarged Uncle had carcinoma of lip Received seven roentgen-ray treat- 
ments during ensuing year Discharged clinically well Six treatments had 
been given before the blood study was made Filter, 14, ma/v, 5/90, time, 7', 
distance, 25 5 cm 

Case 2 (5519) — Female , age 60 Progressing adenocarcinoma of left hand 
for two years, and of right hand for thirteen years , probability of metastatic 
nodes in lower lobes of both lungs Definite tumor mass in right lower abdomen 
Received three roentgen-ray treatments on hands Lesions healed, but general 
condition is growing worse One treatment was given previous to present 
study No filter, ma/v, 10/90, time, 2' 40", distance, 20 4 cm 

Case 3 (5533) — Female, age 57, died Primary carcinoma of left breast 
Nodes in supraclavicular and infraclavicular fossae enlarged and movable 
Metastatic nodes in left axilla Maternal aunt had cancer of eye Received 
twelve roentgen-ray treatments The first treatment was given at the time the 
blood study was made Filter, 14, ma/v, 7/90, time, 10', distance, 204 cm 
Case 4 (5526) — Male, age 65, improved Epithelioma of left temple Had 
paralytic stroke two years ago Received fifteen roentgen-ray treatments four 
of which preceded the one given at the time of the blood study Filter, 1 4 , 
ma/v, 5/90j time, 10', distance, 20 4 cm 

Case 5 (5467) — Male , age 61 , died Endothelioma of right parotid region 
and diabetes Metastases in submental nodes Received twelve roentgen-ray 
treatments, the twelfth being the one given at the time of the blood study 
Filter, 14, ma/v, 7/90, time, 7', distance, 20 4 cm Died in diabetic coma 
Necropsy Chronic interstitial and parenchymatous nephritis, bronchopneu- 
monia, carcinoma, probably epithelioma, of parotid 

Cases 6 and 38 (5357) — ^Male, age 70 years, died Epithelioma of left side 
of head, following injury Left ear sloughed off Received thirty-two roentgen- 
ray treatments before the one given with the blood study Filter, 14, ma/v, 
3/90, time, 5', distance, 25 cm Necropsy Abscess of lung and metastatic 
growths , nutmeg In er , mild chronic nephritis , lymph node tumor metastasis 
(This IS also Case 38 ) 

Case 7 (5524) — Female, age 30, improved, exophthalmic goiter One 
roentgen-ra> treatment given before special study Filter, 14, ma/v, 5/90, 
time, 7', distance, 20 4 cm 

Case 8 (5536) — Male, age 31, unimproved Abdominal tumor Received 
one roentgen-ray treatment Filter, 1 4 , ma/v, 5/90 , time, 10' , distance, 20 4 cm 
Case 9 (5253) — Male, age 24, improved Sarcoma of left foot following 
lnJu^^ Received twenty-six roentgen-ray treatments, one preceding that of the 
blood stud} Filter, 1 4 , ma/v, 7/90 , time, 7' , distance, 20 4 cm 

C\SE 10 (5513) — Female, age 65, died Carcinoma of left breast, removed 
at operation Metastasis advanced Four roentgen-ray treatments after opera- 
tion Filter, 1 4, ma/v, 7/90, time, 7', distance, 204 cm Necropsy Metastases 
in nodes of mediastinum and hylum of lung Bronchopneumonia in lungs , 
cloud} swelling of kidneys and fatty infiltration of liver Tumor is carcinoma 
CvsF 11 (5636) — Male , age 58 Tumor of lung, operated and abscess drained 
Died three months later Received seventeen roentgen-ray treatments, eleven 
before this study Filter, 14, ma/v, 7/90, time, 7', distance, 204 cm 

C\SE 12 (5027) — Female, age 54, recovered Carcinoma of left breast, 
following abscess in breast Removed at operation Received twenty-four post- 
operative roentgen-ra} treatments before this study This was a control case 
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and the blood was withdrawn at stated intervals without roentgen-raj exposure 
at the time Filter, 13, ma/v, 14/90, time, 5', 10", distance, 20 cm 

Case 13 (5404) — Female, age 50 jears, improved Carcinoma of right 
breast, removed at operation Received two roentgen-ray and three radium 
treatments, postoperative Roentgen ray, filter, 1 4 , ma/v, 90 , time, 5' , 
distance, 25 5 cm 

Case 14 (5528) — Female, age 52 Recurrence Carcinoma of left breast, 
removed at operation Ten roentgen-ray treatments and one radium treatment 
The radium treatment preceded the first roentgen-ray treatment which was the 
one of our study Filter, 14, ma/v, 7/90, time, 8', 10", distance, 204 cm 

Case 15 (5470) — Male, aged 71 Stationary carcinoma of bladder, post- 
operative, and carcinoma of prostate Received twenty-two roentgen-raj treat- 
ments, twelve before the blood study Filter, 14, ma/v, 7/90, time, 7', dis- 
tance, 20 4 cm 

Case 16 (5190) — Male, aged 59, clinically well Lymphosarcoma of right 
tonsil One radium treatment, twenty-eight roentgen-ray treatments Control 
case Blood withdrawn at intervals wuthout roentgen-ray treatment 

Case 17 (5500) — Female, age 62, unimproved Epithelioma of left shoulder, 
following injury Received four roentgen-ray treatments, the one of this study 
being the first No filter, ma/v, 10/90, time, 2' 13", distance, 20 4 cm 

Case 18 (5494) — Male, age 55 Progressing epithelioma of lower lip Nodes 
of submaxillary and submental regions enlarged Fifteen roentgen-ray treat- 
ments given, the first one being at the time of the blood study Filter, 0, 
ma/v, 10/90, time, 2' 13", distance, 204 cm 

Case 19 (5504) — Male, aged 57, no improvement Epithelioma of left ear 
Mother died from cancer of forehead at 60 Received eight roentgen-ray 
treatments, two before the blood study, and one radium treatment Filter 0 to 
14, raa/v, 10/90-7/90, time, 2' 19", distance, 20 4 cm (This is also Case 40) 
Case 20 (5511) — Female, aged 66, well Epithelioma of nose Eight 
roentgen-ray treatments were given, the first one with the blood study Filter, 0, 
ma/v, 10/90, time, 2' 39", distance, 204 cm 

Case 21 (5518) — Male, aged 31, well Adenocarcinoma of cecum, removed 
at operation Received seven roentgen-ray treatments, tw'O before the one with 
the blood study Filter, 14-2 4, ma/v, 7/90, time, 7'-10', distance 20 4 cm 
Case 23 (5507) — Female, aged 44, improving Carcinoma of cervix uteri 
Postoperative One radium treatment onty 

Case 25 (5158) — Female, aged 60, died Recurrence of carcinoma of right 
breast, two years after operation Thirty-three roentgen-ray treatments over 
spleen, twenty-three before present study Filter, 14, ma/v, 3/90, time, 5', dis- 
tance, 25 cm Necropsy Metastasis in kidneys, liver, lymph nodes and lung 
Suprarenals sclerotic, yellow atrophy of heart 

Case 26 (5522) — Male, aged 35, cured Angioma of low^er lip Removed 
under local anesthesia One roentgen-ray treatment on abdomen Filter, 14, 
ma/v, 7/90, time, 7', distance, 20 4 cm 

Case 28 ( 5520) — Male, aged 52, cured Epithelioma of left temple, excised 
Received tw'o roentgen-ray treatments, the first being at the time of this study 
Dose No filter, ma/v, 10/90, time, 2' 40", distance, 20 4 cm 

Case 29 (5488) — Male, aged 46 Epithelioma lower lip, no recurrence 
Excised Tw'o roentgen-ray treatments, the first given at the time of this 
study Filter, 1 4 , ma/v, 7/90 , time, 7' , distance, 25 5 cm 

Case 30 (5475) — Male, aged 51, unimproved Sarcoma of neck Fourteen 
roentgen-ray treatments given, one before this studj Filter, 14, ma/v, 7/90, 
time, 5', distance, 20 4 cm 
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C\SE 31 (5302) — Male, aged 50, died at home Fibrosarcoma of left parotid 
region Fiftj-one roentgen-raj treatments, sixteen of them before“present study 
and one radium treatment Filter, 14, ma/v, 7/90, time, 5', distance, 204 cm 

Case 32 (5223) — Female, aged 58, unimproved Carcinoma of right breast, 
two j ears’ duration Removed at operation Fifty-three postoperative roentgen- 
ray treatments, sixteen before present study Filter, 14, ma/v, 7/90, time, 7', 
distance, 20 4 cm 

Case 33 (5412) — Male, aged 58, died Epithelioma Left face and ear, 
twenty j ears' duration Left ear sloughed with wide ulceration Eighteen 
roentgen-ray treatments given, fifteen before present study No filter, ma/v, 
10/90, time, 2' 13", distance, 25 5 cm 

Case 34 (5427) — Male, aged 82, unimproved Epithelioma of left nasal 
cavity w’lth erosion of left nasal bone T^n radium and two roentgen-ray treat- 
ments given, one before present study Filter, 14, ma/v, 7/90, time, 5', dis- 
tance, 20 4 cm 

Case 35 (5501) — Male, aged 65, unimproved Epithelioma of right eye 
Fifty-two years’ duration Received three roentgen-ray treatments, the third at 
the time of this study Filter, 14, ma/v, 7/90, time, 10' 

Case 36 (5505) — Male, aged 37, died Melanosarcoma left groin with 
metastasis Received one roentgen-ray treatment Filter, 14, ma/v, 7/90, 
time, 7', distance, 204 cm 

Case 37 (5535) — Male, aged 27, clinically well Granuloma syphilid with 
possibly Hodgkin’s disease Received two roentgen-ray treatments here and 
fiftj at another institution, all before the treatment of the present study 

Case 39 (5485) — Female, aged 39, unimproved Carcinoma of cervix and 
vagina, postoperative Received two radium treatments before the roentgen- 
ray exposure of this study Filter, 1 4, ma/v, 7/90, time, 35', distance, 204 cm. 

Case 41 (5276) — Male, aged 41, unimproved Epithelioma lower hp. 
Received eighteen roentgen-ray treatments, three before present study Filter, 
4, ma/v, 7/90, time, 10' 


CONCLUSIONS 

Our object in this paper has been to note the effect of roentgen 
rays on cancer patients, as manifested by changes in their blood 
chemistr)^, and to continue investigation of the individual blood factors 
where it seemed to be indicated 

1 Urea, urea nitrogen and creatinin show nothing characteristic 
of the cancer patient 

2 The moderate uric acidemia which exists for a short period of 
time after exposure to roentgen rays is the result of nuclear degenera- 
tion but IS not especially characteristic of malignancy 

3 The sodium chlorid content of cancer patients is altered neither 
b} the presence of the tumor nor the exposure to roentgen rays 

4 The cholesterol, fatty acids and total fats are generally increased 
in cases of malignancy Cholesterol is increased in the blood, but this 
IS not in proportion to the duration of exposure to the roentgen ray 
or \aried as to the type of tumor The increase of cholesterol in the 
blood IS probably due to cellular autolysis with liberation of cholesterol, 
induced by the action of the roentgen rays Fatty acids and total 
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fats are consistently high in the blood of cancer patients and this 
increase is reduced by the roentgen rays We do not care to give 
any reason or hypothesis for the reduction, as we are at present carry- 
ing on further studies along this line 

5 There is nothing in the behavior of the blood sugar or diastatic 
activity that is diagnostic of cancer We have noted, however, that 
the roentgen rays activate the diastase for a short period of time to 
a greater than normal activity 

6 The plasma and corpuscle percentages were unaltered by the 
effect of the rays, and of no diagnostic value in cancer 



THE CEREBROSPINAL FLUID IN MULTIPLE 

SCLEROSIS 

JOSEPH EARLE MOORE, MD 

BALTIMORE 

Since the introduction of the colloidal gold test of Lange, ^ numer- 
ous reports have appeared in the literature of examinations of the 
cerebrospinal fluid of large numbers of patients with neurologic dis- 
eases of all types 

Characteristic results have been obtained only in neurosyphihs, 
and the findings of the various types of this disease are now well 
known However, the so-called “paretic” gold curve, at first supposed 
to be pathognomonic of general paralysis, at least within the group 
of syphilitic disorders, has been obtained in a number of other con- 
ditions, among which are lead poisoning, tuberculous meningitis, brain 
tumor and multiple sclerosis In the first three of these conditions 
the curve has not appeared with any regularity, but in the last named 
It seems to be more than an occasional finding For this reason, it 
has been thought worth while to survey the material from this clinic 
and review the literature, with the object of determining if definite 
changes in the spinal fluid occur with any regularity in multiple 
sclerosis 

Textbooks on neurology make scant comment on this point Such 
statements as do occur indicate nothing of a characteristic nature 
Current literature is also lacking m definite information In various 
reports of long series of neurologic and psychiatric cases in which 
the colloidal gold test has been employed on the spinal fluid, a few 
cases of multiple sclerosis appear, but the results obtained present no 
uniformity Jaeger and Goldstein^ report, m a few cases of multiple 
sclerosis (number not stated), a “slight” colloidal gold reaction, there 
being a faint color change in the first four or five tubes Three of 
four cases reported by Eskuchen® were completely negative with the 
Wassermann and colloidal gold tests The remaining case, which had 
been regarded as one of multiple sclerosis for years, was at once 

* From the Department of Medicine and the Henry Phipps Psychiatric 
Clinic, Johns Hopkins Hospital 

1 Lange Berl klin Wchnschr 49 897, 1912 , Ztschr f Chemotherap , 1 44, 
1913 

2 Jaeger, R , and Goldstein, M Ztschr f d ges Neur u Psych 23 219, 
1913 

3 Eskuchen K Ztschr f d ges Neur u Psych 25 486, 1914 
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diagnosed as cerebrospinal syphilis in spite of a negatne Wasser- 
inann reaction in the blood and spinal fluid, because examination 
disclosed a pleocytosis, positive globulin and paretic colloidal gold 
curve in the fluid alone 

Flesch^ reports eight cases, one case completely negative, one case 
m which the colloidal gold test was slightly positive and other tests 
were negative, and six cases with the colloidal gold reaction of a 
paretic type, m which the precipitation was limited more strictly to 
the first few tubes than is the case m paresis Kaplan® reports two 
cases, one serologically completely negative, the other with a paretic 
colloidal gold curve as the only positive finding In a later paper,® 
reporting eighteen cases, seventeen were negative, and one gave com- 
plete precipitation of the gold m the first two tubes 

In this clinic. Miller and his co-workers" called attention to the 
presence of a paretic colloidal gold curve in the three cases of 
multiple sclerosis which they investigated These cases are included 
in the present report 

Oetiker® reports two cases, one case with the globulin slightly 
positive and other findings negative, and one case m which there 
was no pleocytosis or globulin reaction, but the gold showed partial 
precipitation in the first five tubes, reaching as high as 3 plus In 
Robertson’s® case, the colloidal gold cuive, instead of being paretic 
in type, showed a “Verschieben nach oben,” a reaction in the last 
tubes, reading 0000003355 Lowrey^® reports one case with a paretic 
gold curve 

As regards pleocytosis, Rotstadt,^^ in an exhaustive article on the 
cells of the cerebrospinal fluid, states that in 75 per cent of his 
cases of multiple sclerosis (number not given) there was no pleo- 
cytosis 

These citations illustrate thg status of the subject in the literature 
It IS obvious that nothing characteristic has been found so far Of 
these forty cases, fourteen gave paretic gold curves, twenty-five were 
completely negative and one case was atypical Because of the small 
number of cases reported and the lack of uniformity in the results 
obtained, it was thought worth ^^hlle to examine the material from 
this clinic 

4 Flesch, N E Ztschr f d ges Neur u Psych 26 318, 1914 

5 Kaplan, DM J A M A 62 511 (Feb 11) 1914 

6 Kaplan, D M Ztschr f d ges Neur u Psjch, 27 246, 1915 

7 Miller, Brush, Hammers and Felton Bull Johns Hopkins Hosp 26 391, 
1915 

8 Oetiker Ztschr f klin med 82 246 1916 

9 Robertson, W E Boston M & S J 174 136, 1916 

10 Lowrej' J Nerv & Ment Dis 46 186 (Sept) 1917 

11 Rotstadt, J Ztschr f d ges Neur u Psjch 31 228, 1916 
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Since the introduction of the colloidal gold reaction, tlicrc ha\e 
been in Johns Hopkins Hospital twenty-eight cases in which complete 
serologic examinations were made, and in which the clinical diag- 
nosis was either certainly or probably multiple sclerosis The results 
are presentetd in Table 1 

Examination of Table 1 reveals the fact that in sixteen cases 
there was a pleocytosis, considering any cell count larger than fi\e to 
be abnoimal In twenty-five cases, globulin was detected, the amount 
being large in ten cases Blood and spinal fluid Wassermanns \\ere 
completely negative, except for one doubtful reaction with 1 0 c c of 
spinal fluid (which can be regarded as a nonspecific reaction) The 
gold curve was paretic in type eighteen times , syphilitic three times and 
negative seven times 

These figures become more striking when the validity of the clinical 
diagnosis is considered It will be noted from Table 1 that the 
definite diagnosis of multiple sclerosis had been made without reserve 
twenty times before the laboratory examinations were made, and that 
it was questionable in the remaining eight cases, in which it was made 
solely as the best possibility It is without the scope of this paper 
to discuss the clinical aspects of the disease Suffice it to say that the 
diagnosis is often by no means made easily, and that in many cases, 
unless the patient is observed over long periods of time, it must 
remain m doubt Taking these facts into consideration. Table 2 shows 
the number of cases in which pathologic findings occur m the two 
groups 


TABLE 2 — Serologic Findings in Two Groups of Cases 


Diagnosis 

Num 

ber 

of 

Cases 

Pleo 
cytosis 
of More 
than 

5 Cells 

Globulin 


Wasser- 

mann 


Gold Curve 


Stronglj 

Positiie 

Posi 

tivc 

Ncga- 

tne 

Posi- 

tive 

Nega- 

tive 

Par- 

etic 

Sjpli 

ilitic 

Atyp 

ical 

Nega 

tive 

Multiple sclerosis 
Possible multiple 

20 

8 

0 

9 

2 

0 

20 

18 

1 0 


2 

sclerosis 

8 

8 

1 

0 

, 1 

0 

8 i 

0 
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Thus, in twenty cases of multiple sclerosis, a paretic gold curve, 
together with a positne globulin reaction, appeared in eighteen cases, 
or 90 per cent This average is high enough to exclude the assump- 
tion of a merely occasional accidental finding of such a curve, and 
leads to the suspicion that in the other eight cases, diagnosed as 
being probably multiple sclerosis, the diagnosis is at fault, rather than 
the negative findings 

Excluding the rare cases of lead poisoning, tuberculous meningitis, 
etc, in which a paretic gold cuive has occasionally been found, there 
aie, therefore, only two diseases in ^^hlch this type of curie occurs 
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with constancy, parenchymatous neurosyphihs and multiple sclerosis 
There is usually no cause for confusion between these two, the 
diagnosis of neurosyphihs being in most cases clear enough from 
history, symptoms and clinical findings If these fail to establish a 
definite diagnosis, one can fall back on the blood and spinal fluid 
Wassermann reactions One or both of these will be positive in 
neurosyphihs, in fact, whenever a paretic gold curve is found in 
syphilis, the spinal fluid Wassermann is, so far as is known, always 
positive, with the single exception of long treated cases, in which 
the Wassermann becomes negative before the colloidal gold test 

As for the explanation of this reaction it is probably, as Felton^^ 
suggests, “an estimation of the albumin globulin content of the cerebro- 
spinal fluid, rather than a specific reaction for any one lesion of the 
nervous system ” This, of course, leaves unexplained why in neuro- 
syphihs, multiple sclerosis and certain isolated cases of other nervous 
lesions, the albumin globulin content should be altered to the particular 
proportions necessary to produce a paretic gold curve 

SUMMARY 

1 The cerebrospinal findings m twenty-eight cases of multiple 
sclerosis are reported 

2 In twenty of these cases the diagnosis is clinically certain, in 
the other eight cases it is clinically doubtful 

3 In the first group, the findings are (a) negative blood and spinal 
fluid Wassermann (all cases) , (b) pleocytosis (eight cases) , (c) posi- 
tive globulin (eighteen cases) , (d) paretic gold curve (eighteen cases) 
In the second group the findings are the same, except for the gold 
curve, which is syphilitic in three cases and negative in five cases 

4 Together with the clinical evidence, it is believed that the spinal 
fluid picture is fairly constant, and that, other things being equal, such 
a picture is a strong argument in favor of a diagnosis of multiple 
sclerosis < In its absence the diagnosis becomes at least doubtful 

12 Felton, L D Trans A M A, Sect Path & Physiol, 1917, p 73, 
Bull Johns Hopkins Hosp 30 242 (Aug 1) 1919 



CAVITY FORMATION AND ANNULAR PLEURAL 
SHADOWS IN PULMONARY TUBERCULOSIS 

JAMES A HONEIJ, MD 

NEW HAVEN, CONN 

The signs of cavity in the lung, both on physical and roentgenologic 
examination, have always been a matter of interest and inquiry The 
present paper aims to give added infoimation on the subject, based, 
partly, on the examination and observation of a large number of cases 
m a tuberculosis hospital 

Some years ago my atttention was drawn to shadows m roent- 
genograms suggesting cavities, although no physical signs of cavity 
formation were present, and for a considerable length of time the 
failure to substantiate by roentgenologic means cavity signs obtained 
on physical examination has been noted 

This inquiry covers cases with definite cavity formation and its 
classical signs, cases giving fair clinical evidence of cavity but not 
proven by roentgenologic methods, and cases giving certain roentgen- 
ologic images ranging from true cavity formation to simple pleural 
thickening, without clinical evidence 

PATHOLOGY 

Obviously, the reason for the more frequent occurrence of cavity 
formation near the apex, in the first and second costal interspaces, is 
that in the majority of cases the apex is the site of the oldest and most 
extensive lesions Usually, where cavitation occurs other than m the 
region of the apex, the apex shows healed fibrous lesions, and below 
areas of more advanced and destructive processes without healing are 
present 

The pathology of tuberculosis is so well known that it is unnecessary 
to review it in detail The outline given here is sufficient to appreciate 
more clearly the process of cavity formation The process of infiltra- 
tion, especially if localized, progressing into pneumonia-like areas with 
secondaiy pleural changes, or vice versa, should be borne in mind It 
is a common experience to find the upper half to the upper third of 
the lung so firmly bound down by markedly thickened pleural adhesions 
(more so than at the base) that difficulty is incurred in removing the 
lung intact These adhesions are often situated so close to the adherent 
surface of the lung tliat they are torn open when the organ is remo\ ed 
Cavities occur more frequently at the anterior than at the posterior 
portion of the lung Cavitation occurring nearer the central portion 
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of the lung is usually situated in the midst of an infiltrated area, and 
fibrous tissue plays no part in the outline of the cavity, unless the 
disease has been protracted, or unless there has been an attempt at 
healing When cavitation takes place, the greater portion of one or 
both lungs IS affected, unless there has been definite demarcation of 
the process by dense fibrous tissue as happens commonly at, or near, 
the interlobar fissure 

What has commonly been observed m the army hospital is the 
frequency of the hilus type of tuberculosis, that is, involvement of the 
middle portion of one lung, extending from the hilus region, secondary 
to advanced disease of the opposite lung Cavitation under these 
conditions occurs just outside the hilus area If tuberculosis involves 
both apices simultaneously, or nearly so, in time cavitation may occur 
subsequently at, or near, both apices This, however, is not common 
unless the disease is extensive throughout both lungs 

It IS always well to bear in mind that the greatei the infiltration 
of the lung, both in density and extent, all else being equal, the more 
likely IS cavitation to occur , the less the infiltration and the greater the 
fibrous tissue, the less likely is it that cavitation will occur 

Ca^ ities occur because of softening and necrosis The size of the 
cavity will depend on several factors, namely, on the extent of infil- 
trated or affected tissue, the size of the bronchus leading to the cavity, 
the amount of bronchial dilatation, the condition of the circulation in 
the immediate vicinity of the cavity, the position of the cavity where 
movement of the lung is not marked , whether occurring on the surface 
or margin, and on the resistance of the individual, or the amount of 
fibrous tissue produced 

The size and position of the cavity and the amount of pulmonary 
or pleural disease surrounding or covering it affect the diagnosis, pro- 
vided other conditions (as will be taken up later) are taken into con- 
sideration Recent cavities occurring in the rapid, acute cases have 
seldom a limiting membrane or lining , their walls are usually irregular 
and congested 

Cavities occurring in the chronic type of cases have, in most 
instances, a limiting fibrous membrane, the greater the resistance and 
chronicity of the case, tlie more markedly evident is the membrane or 
fibrous wall These walls are usually covered with abundant thick 
pus but are themselves smooth and regular The larger cavities are 
commonly tra\ ersed by fibrous bands, usually enclosing a blood vessel 
Cavities of various sizes distinctly separated from each other may sur- 
round the larger cavity The cavitation with irregular congested out- 
line occurring in tuberculosis is closely simulated by the large abscess 
ca\ ities Inch occur m nontuberculous cases The largest ca\ ities are 
most often found affecting the upper lobe, the interlobar thickening 



HONEIJ— PULMONARY TUBERCULO SIS 


6 ''> 

forming a substantial lower wall or base to the ca\it} Ca\ity forma- 
tion may, of course, affect the whole lung, leaMng only a Mtry thm 
pleural sac containing abundant pus and often fluid 

Cavities may heal either through calcification or fibrous tissue 
formation Healing depends, however, on the general systemic condi- 
tion of the patient, the amount of resistance to infection, the stage of 
the disease, the character of the pulmonary changes, the position of the 
cavity and, particularly, on the size of the cavity Cavities greater 
than 1 cm in diameter rarely heal If healing takes place by calcifica- 
tion, the surrounding walls must contain a certain amount of normal 
tissue The circulation must be normal, or at most only slightly 
impaired Should healing take place by the formation of fibrous tissue, 
which IS the more common reparation process, then the same conditions 
must be fulfilled Under these circumstances the fibrous tissue may 
contract and obliterate the cavity, giving rise to an increased density of 
tissue This evident density of tissue frequently may be diagnosed 
erroneously by the radiogram as infiltration When healing takes place 
by the formation of fibrous tissue cavities may be separated completely 
from the surrounding tissue and cavities with smooth walls and outline 
may persist This occurs most frequently in semichromc cases where 
healing and destruction of tissue take place alternately over a long 
period of time and where the cavities are situated near the pleural 
surface 

Thickening of the pleura, which occurs in the greater percentage of 
tuberculous cases, plays an important role in the size, shape and outline 
of cavities situated near the surface and in their healing and diagnosis 

REVIEW OF LITERATURE 

Laennec’s work and Kingston Fowler’s study are not included as 
they are sufficiently well knowm EwarF gnes the occurrence of cavi- 
ties in the following ratio and position 


At the apices 

282 

In the dorsal axillary line 

227 

In the mammary region 

1S9 

In the sternal region 

61 

At the base 

32 


Allyn^ states that cavities occur more frequently anteriorly, from 
the apex to the interspace Foggie^ reports a case of pulmonar)^ tuber- 

1 Ewart, W Croonian Lectures, 1882 

2 AlljTi, Herman B The Diagnosis of Tuberculous Ca\ ities m the Lung, 
Am Med 9 190, 1905 

3 Foggie, WE A Case of Pulmonary Tuberculosis with \\Tiole Lung 
as One Cavity, Edinburgh J 6 339, 1911 
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culosis with the whole lung as one cavity an'& calls attention to the fact 
that It was erroneously diagnosed as a pneumothorax In the same 
case the left lung also had a small cavity The postmortem examina- 
tion showed the lung surface covered with a thickened pleura which 
was densely adherent to the chest wall Total destruction of the lung 
tissue resulted in the formation of a cavity m which a small amount 
of purulent material was present Foggie also quotes cases cited by 
Louis in which three-fourths and four-fifths of the lung was destroyed 
He also cites cases reported by Stokes and Ewart, in which there was 
loss of the whole lung, and twenty-five cases reported by West, in 
which the size of the cavity in every instance was not less than one 
half lobe 

Rieder'* mentions the importance of determining the frequency of 
cavities, their location, size, changes in time (chromcity) and progress 
to other cavities, emphasizing the superiority of roentgenographic 
diagnosis over clinical diagnosis 

Mayer® draws attention to the difficulties of collapsing the lung 
when the cavities are high up in the apical region, and this obviously 
depends on the pleural adhesions between the lung -and the thoracic 
wall 

Norris® calls attention to the obscurity of cavity signs which may 
be due to a thickened pleura Cavities, he says, are more frequently 
overlooked than diagnosed as present when they are really absent On 
the other hand, Mantoux^ reports that in a number of cases of lung 
cavities, bacilli were difficult to demonstrate and concludes that in 
many cases in which tuberculous cavities exist a relatively small num- 
ber of tubercle bacilli is present Fishberg® considers that the acute- 
ness and the duration of the process are two factors of importance in 
diagnosing tuberculous cavities In chronic cases he calls attention to 
cavities with fibrous encapsulation and says that they always drain 
into a bronchus As proof of this statement, he says that large numbers 
of bacilli are always found in the sputum He also states that large 
cavities may shrink and that they are often obliterated by granulation 
tissue or by calcification In his opinion, cavities may be an indication 
of the chromcity of the disease, which in my experience is not neces- 
sarily the case 

4 Rieder, H Kavernen bei Beginnender und bei Vorgeschnttener Lungen- 
tuberkulose, Fortschr a d Geb d Rontgenstrahlen 16 1, 1910 

5 Majer A Die Behandlung der Kavernosen Phthisie durch Extra-und 
Intrapleurale Pneumolvse, Deutsch med Wchnschr 39 2347, 1913 

6 Norris, George W The Differential Diagnosis Between Incipient Pul- 
monarv Tuberculosis, Healed Cavities and Non-Tuberculous Fibrosis, New 
York M J 80 103, 1904 

7 Mantoux, C Les Tuberculoses Cavitaires Paucibacillaires, Ann de 
med 5 307, 1918 

8 Fishberg, Maurice The Prognostic Significance of Tuberculous Cavi- 
ties in the Lungs, New York M J 101 1310, 1915 
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Aimard” contributes an excellent report on silent caMties and faKe 
cavities He emphasizes the fact that many cavities which occur in 
the full pulmonary field and are as large as a hen’s egg, although seen 
roentgenographically, may never give physical signs He quotes Gran- 
cher, who insists that certain conditions and their combinations must 
exist in order that a cavity be diagnosed by auscultation The cavity 
must not be smaller than that of a small nut, it must contain a certain 
volume of air predominating over solids and liquids, the walls of the 
cavity must be covered by tissue that is dense and yet elastic enough to 
reflect the sounds , finally, the cavities must not be situated too deeply or 
be covered by bronchi Aimard and also Tecon^® believe that the left 
lung IS affected more frequently than the right They have reported 
323 cases with cavities, on the left in 205 cases and on the right in 
118 cases The left apex is always affected The left base is ver}' 
rarely affected On the right side, however, any portion of the lung 
may be affected with equal frequency In every case the Koch bacillus 
was found in the sputum 

Lamy^^ reports the case of an aged adult with a cavity in each apex 
This case is interesting, first, because of the marked involvement of 
the tracheobronchial glands, some of which had become partially 
softened, and, secondly, because death was the result of an acute 
laryngeal and tracheal attack following a marked tuberculous destruc- 
tion of these structures 

In an article of unusual merit Pallasse and Roubier^- review the 
question of tuberculous cavities at the base of the lung This does not 
include cavitation of the base as an extension of the process from the 
apex downward, it includes only those cases where cavitation occurs 
first of all at the base, in the middle or lower part of the lower lobe, 
the process predominating there These investigators quote the opinion 
of Laennec, Louis Walsche and Jaccoud regarding the rarity of 
base cavities These authors hold that cavities of the base occupy 
exclusively the left base and are of occupational oi pleural origin 
Fagge believes that a tuberculous process never extends from the base 
upward and that tuberculosis of the base is better described as a chronic 
pneumonia Percy-Kidd found in 412 consecutive necropsies only two 
cases of tuberculosis beginning at the base Pallasse and Roubier also 

9 Aimard, J Cavernes Muettes Tuberculeuses et Fausses Cavernes du 
Poumon , Diagnostic Radiologique, J de Radiol et d’Electrol 3 49, 1918 

10 Tecon and Aimard Gravite comparee des localisations tuberculeuses 
pulmonaires gaudies et droites, Etude de 2,000 cas, Rev med de la Suisse 
Rom Janvier-Fevner, 1916 

11 Lamy Ulceration Laryngo-Tracheo-Broncliique chez iin Tuberculeux 
Cavitaire Mort a la Suite d’une Larjmgo-Tracheite d’E\olution AiguC, Bull 
et mem Soc anat de Par 87 149, 1912 

12 Pallasse, E , and Roubier, C Les Cavernes Tuberculeuses de la Base 
du Poumon, Rev de la tuberc 10 208, 1913 
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quote the opinions of Grancher, Rice and others on basal pneumonia 
processes in which cavity formation or abscesses occur Obviously, 
there is no reason to consider such cases here However, the only 
cases that are of interest from our point of view are those m which 
cavities occur m the usual fibrocaseous tuberculosis and in postpleuntic 
cav itation of the base In Pallasse and Roubier’s five cases the cavita- 
tion was found more posteriorly than anteriorly m four cases , in three 
cases, the walls of the cavity were densely sclerotic and the pulmonary 
tissue around the cavity showed marked sclerosis The condition of 
the surrounding tissue and the presence of tubercles must be taken 
into consideration before a diagnosis of a tuberculous cavity is made 

Bumand and Tecon^® believe that cavities occurring at the base 
are seldom cured It is their opinion that cavities of the lower lobe 
most often follow tuberculous pleurisy with infiltration, although they 
result occasionally from a bacillary splenopneumonia which is under- 
going necrosis The latter sequence is sometimes seen in the pro- 
gressive type of cases of common fibrocaseous tuberculosis The 
authors also agree with other investigators that tuberculous cavitation 
of the base is not very common, only four cases occurring m the sana- 
tonum They quote the following figures from Meyer and Leysin 
In 1900-1901, of 147 patients only four presented cavity formation at 
the base , in 1906-1907, of 118 patients only four cases showed a cavity 
at this point, and in 1907-1908, of 150 patients only three had a similar 
lesion Well known anatomic and functional reasons are given to 
substantiate the opinion that cavities of the base are seldom cured 

Burnand^^ believes that cases of true closed pulmonary tuberculous 
cavities exist These cavities are independent of the bronchi or air 
passages and have no connection with them Under these circum- 
stances cav itation occurs in the center of a focus, and at the same time 
stimulates sufficient connective tissue around it to enclose it thoroughly 
Caseation and necrosis in the center progress with the thickening of 
production of connective tissue aroimd the focus Such conditions have 
already been referred to in connection with small cavities which fre- 
quentl)' become cicatrized 

Walsffi® reports a case of multiple lesions of both apices in which 
the cavutations closely resembled cysts At necropsy these lobes proved 
to be tuberculous From the description, the cavitation process prob- 
abl} onginated in the pleura 

13 Burnand, R and Tecon, H Le Pronostic des Tuberculoses Cavitaires 
de la Base du Poumon, Re\ med de la Suisse Rom 30 511, 1910 Chalier, 
3il J Tuberculose CaMtaire de la Base, Greffee sur un Ancien Foyer de 
Bronchopneumonie, chez un Enfant d’lm An et Demi, Lyon med 113*743, 1909 

14 Bumand, R Existe-t-il des Tuberculoses Pulmonaire Cavitaires 
Fermee’ Rev med de la Suisse Rom 30 412, 1910 

15 Walsh, J Tuberculous Cavities Resembling Cysts at Apices of Lungs, 
Proc Path Soc , Phila 13 161 1910 
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Ca\itics occurring in the lungs of chilnrcn arc of nr^rWj i.n.rc.-t 
and ha-vc reccued a good deal of attention In the opiruon of K * 
deau-Dumas"' the\ are more common than is supposeo He behe*. c- 
%’ith Earbier that cavities are formed at the c' pense of *he prirpj'i e 
tuberculous nodule and that in this ca=e, a fibrou> capsuh hmi‘= th^ 
cascob= process Ca\ities occurring m the lung represent confluent 
ulcerations appearing in a pneumonia area fBarb’cr; the van= ot 
v,hich are caseous, enclosed b\ fibrous tissue like the cavit.cs jH adus's 
Because of the difficult}' of diagnosis Ribadcau-Dumas la}s emphas ~ 
on tUe roentgenographic examination, as large ca-' itie= are invanabl 
diagnosed b} this method Ribadeau-Dumas, Sau'var ’ and Pandolpn ' 
call attention to the habitual absence of ph}sical sign=: 

Barbier,^' in anal} zing the frequency.' of caMt} formation ri pal- 
monar} tuberculosis: m infants, comes to some interesting conclusions 
In 19^ cases of pulmonar}' tuberculosis ca' itic= v/cre present in fort , - 
eight ca=es gi%ing in conjunction v.ith the findings of other in%c=ti- 
gators, a proportion of twenty-nme per ICO tuberculous infants " 'tp 
caMty CaMt/€€ occur more frequently bets’, cen the agc= of three tnd 
SIX months, but often are obser.ed betsseen six and eighteen mon*h= 
Barbier asserts that the middle antenor piart of the lung Hhat tne 
losver part of the upper lobe, or the upper part of the miaole lobe t i' 
most freauenth' attacked Casities the result of secondar, foci ho.' - 
ever, attack the apex b} preference and espeaally on the right 'idc 
Barbier, quoting Aine states that in lift} -tv, o cases forty-fou" ca% ties 
occurred in a single lung and of these thirt}-six v ere limiteo to a 
single lobe 

Lhomme^'^ emphasizes the deceptue functional ana physical sigrs 
of tuberculous caMties in infants He mentions the '/.ork of Rii'.et, 
Earthez and Cadet as pseudoca* ity sounds found in v eak anemic 
tuberculous infants v, ith temperature ele"ation He cmpihasi7c= the 
lack of expectoration and the presence of hemoptysis in tne=e casc= 
and suggests that under these arcumstances search should be made for 
tubercle baalh in the feces Lhomme quotes the follov mg figure- on 
the occurrence of hemopr.SiS' “Rilhet and Earthez oo not fi-’d a 
::ingle case of hemoptysis in indi iduals under 7 jear- of age "^’de-t 


ISa. Rioadeau-Dunias, L Tvibe^culosc Ca .‘airc gu P-t-n.c- -ac 
med Ge hop de Pans 36 935 1913 

16 Saman A Ca'.enic Tuocrcti’eusc chez un Enfant cu 13 Mo’s 
med 61 . 3 ^ 3 , 19'07 

17 Rarcolph B M Case of Ca* »tation of tne Luna ,n an I" 
in the Seicntii Month Wasr.rgton 2 fee -nn 13 3-9 391 - 

18 Barb.cr H A p-opos cc 3 a Tut crcu'osc PLiI"'0'’aire crez 
oc 0 a 2 Ars FrcOi^cncc Fo'nie= Ca>itairc£ Reactions F j'eusc- 
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found four cases, Powell, fi\e cases, Carrie, six cases, Foss, seven 
cases , Cadet de Gassicourt, eight cases Henoch and Hendrick believe 
it IS very rare in infants who have not reached the age of dentition 
Mantel found fourteen cases ” 

Weill recorded a tuberculous cavitation of the lower lobe of the left 
lung in an infant 18 months of age Enlarged caseated glands' were in 
contact with the cavity A dorsal Pott’s disease also was present in an 
infant 3 months of age Collet and DelachanaP® found at necropsy 
a cavity involving tlie whole nght upper lobe, and a smaller cavity 
in the upper part of the lower lobe Caseated tracheobronchial glands 
were present on the right side Pleural thickening with adhesions 
throughout the upper left lobe was demarcated 

Delearde-^ reports a case of pulmonary cavity in an infant, 10 
months of age There were no signs present which would indicate the 
very extensive lesions which were found at the necropsy The necropsy 
showed an area of caseous pneumonia extending to the middle lobe 
on the right, in the middle of which a cavity the size of a large nut 
and filled with caseous pus was found It is interesting to note, also, 
that the tracheobronchial glands formed a large mass contiguous with 
the pneumonic area 

Bergman"- in a postmortem made on an infant, found cavities m 
the upper part of the right lower lobe Similar cavities were present 
in the lower part of the left upper lobe These obser\'ations are inter- 
esting, for cavities occurred on both sides and in unusual positions 
The glands were also perceptibly enlarged 

Buddy^® reports an interesting case in an infant, 3 months old 
At the necropsy a cavity the size of a pigeon’s egg was found at the 
root of the left lung, during life, physical signs persisted in this region 
Other smaller cavities were found along the vertebral border It is 
noteworthy that there was marked enlargement of the glands in chains , 
some glands at the root of the lung were caseated and had broken 
down Adhesive pleurisy was also found 

ROENTGEN OGRAPHIC FINDINGS 

These will be taken up in the following order 1 Cavity 2 True 
annular shadows 3 Intrapulmonary annular shadows 

1 Cavity — The basis for the study of cavities from a roentgeno- 
graphic point of view rests on the postmortem findings and statistical 

20 Collet and Delaclianal Cavernes Tuberculeuses chez un Nournsson de 
Trois Mois, Ljon med 115 317, 1910 

21 Delearde Caverne Pulmonaire chez un Enfant de Dix Mois, Echo med 
du nord 9 606, 1905 

22 Bergman, H Cavernose Lungentuberkulose beim Sauglmg, Berl khn 
Wchnschr 52 77, 1915 

23 Buddy, E P Report of a Case of Pulmonary Tuberculosis Avith Cavity 
Formation m an Infant Aged Three Months, J Missouri MAS 359, 1911 
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data The point regarding the pathology of ca\itation emphasircd 
in the first paper of this series applies, of course, here 

Not all cavities are visible roentgenographically Size by itself is 
not important, small cavities, 2 cm m diameter, are frequcntl) out- 
lined more clearly, are more transparent and are more readily and 
correctly diagnosed than are larger cavities It is, therefore, neces- 
sary that cavities, irrespective of size, be in such a position that the 
greater number of factors in diagnosis play a part 

Cavities at the apex usually show more clearly than those at the 
base, provided the cavities which are compared are similar in size, 
type, and so forth However, the fact must be borne in mind that 
there is less depth to the lung at the apex, and less degree of con- 
gestion and secretion with gravity to play a part Likewise, cavities 
occurring m or just outside the hilus area are more difficult to diag- 
nose This IS largely because of the depth of the lung In addition, 
the picture may be complicated by hilus shadows, congestion or fibrosis 
Very often the cavity may be overshadowed by the heart, while occa- 
sionally a localized emphysema may be present 

Provided other factors are taken into account, cavities which occur 
in the full pulmonary field are detected more readily than in those parts 
of the lungs where the shadows and outlines might be confused with 
them Position, therefore, is of importance 

The depth of the cavity — whether it occurs near or under the sur- 
face of the lung, or deep in the lung — is important If situated deep 
in the lung, then the size of the cavity is undoubtedly an important 
factor, but the important point is the exact position and size of the 
cavity in the lung 

The contrast between cavity and lung tissue must be noteworthy, 
that IS, the transparency in the area of cavitation must be greater than 
the normal transparency in that part of the lung, and, naturally, greater 
than that of the tissue surrounding it It is, therefore, important that 
close attention be paid to the tissue changes surrounding an area of 
transparency Usually, the greater the infiltration, or the more solid 
the lung, the greater the evidence that the area of transparency under 
observation, surrounded by this area of infiltration, is a cavity From 
the roentgenographic point of view this infiltration will show as a more 
or less irregular heavy density greater than the usual mottling If the 
density is more even and, perhaps, more opaque, then, in all proba- 
bility, we are dealing with a pneumonia type of tuberculosis It is 
obvious that in speaking of cavity I ha\ e in mind the result of necrosis 
and softening in an infiltrated area Therefore, one should alwajs 
bear m mind the pathology^ of different tuberculous processes \\hen 
examining roentgenograms for possible cavitation 
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The duration of the disease indicates usually what may be expected 
besides the usual tuberculous changes, frequently repeated healing or 
breaking down may cause other tissue changes fibrosis, for instance, 
or if the surface of the lung is involved, pleural changes and in conse- 
quence, extra shadows and increased density with numerous outlines 
Under these additional conditions the transparency of the suspected 
area will be lessened and its outline confused The transparency of 
the cavity will vary just as much as the tissue density around it This 
will depend (apart from the factors already mentioned) on the amount 
of air in the cavity It must be in greater amount than the secretion or 
fluid present The greater the amount of fluid present, the less likely 
will it be seen, and vice versa 

If the cavity is large and the secretion abundant, change of position 
of the patient from the prone to the upright posture will bring about 
a change in density or of fluid level The lower portion of the cavity 
will then be denser than the upper portion and the upper outline will 
be clearer The transparency of the area and the surrounding tissue 
density also may vary from week to week, may vary with inspiration 
and expiration as seen under the fluoroscope, and will, of course, vary 
if acute conditions are superimposed which will produce congestion 
and, perhaps, added secretion 

It IS impossible to diagnose cavities when the density of the lung 
around the cavity (that is, back, front, or back and front of the cavity) 
IS greater than the transparency This is especially true if the cavity 
IS small or filled with secretion 

The outline of cavities or areas suspected of being cavities is of 
diagnostic importance, but only after the above points have been con- 
sidered Cavities may have a clear cut, sharply demarcated outline, 
clearly differentiated from the surrounding tissue, or they may have an 
irregular, obscure outline that fades into the surrounding lung sub- 
stance The first condition usually indicates a fibrous wall , the second, 
cavity with continued destruction of lung tissue without definite walls 
or fibrous tissue outline The first type of cavity is usually chronic, 
although the reaction of the lung tissue may be quite marked in acute 
self-hmitmg cases In those cavities with a fibrous wall one can also 
iniariably find shadows indicating fibrous tissue elsewhere m the lung 
(Table 1) Under these circumstances one must particularly take into 
consideration the shadows produced by thickened pleura, the outline 
of vhicli may be confused with the fibrous wall outline of a cavity 
or cavities This is especially true if the outlines of several cavities 
are superimposed one on another These cases are most often easy 
of diagnosis, provided one can definitely eliminate shadovv'^s produced 
bv the pleura This point will be taken up later 



TABLE 1 — Roentgenographic Findings in Cases with Cavity 
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ARCHIVES OF hXTERAAL MEDICINE 


TABLE 2 — StjMmar\ of the Roentgenographic Findixgs in Seventy-Four 
C vsES OF Tuberculosis with Captation Recorded in Table 1 





Both 

Position of Cavity — 

Bight Left Sides 

5th nb and abov e 

1 



4th nb and above 

3 



3d space above 

1 



3d nb and above 

8 

15 

6 

2d space aboa e 

1 

2 

3 

2d nb and above 

10 

6 

6 

let space above 

4 

7 

2 

1st nb and above 

8 

5 

i 

Apex 

1 


1 

All lobes 

1 


1 

Middle and lower lobes 

1 



Upper and middle lobes 

1 



Size of Cnvitj — 



Cases 

Greatest diameter over 5 cm 



22 

Greatest diameter over 4 cm 



9 

Greatest diameter over 3 cm 



20 

Greatest diameter less than 3 cm 


32 

Multiple, indefinite 



13 

Shape of Cavitj- 




Circular 




0\al 




Oblong 




Indefinite 




Outline of Cavite- 



Cases 

Regular 



20 

Irregular 



6 

Sharp 



29 

Dull 



21 

Indefinite 



24 

Transparencj — 



Cases 

Transparent 



48 

Semiopaque 



32 

Indefinite 



1 


stage ol the Di=ensc — C 

Advanced tuberculosis of both sides 
Adr meed tuberculosis of right side only 
Advanced tuberculosis of left side only 
Advanced tuberculosis, right, moderate 
tubereulosiE left 

Advanced tuberculosis, left, moderate 
tuberculosis right 

\dvaneed tuberculosis, right, question 
able tuberculosis, left 
Advanced tuberculosis, left, incipient 
tuberculosis right 
Moderate tuberculosis of both sides 
Moderate tuberculosis of right side only 
Moderate tuberculosis, right, incipient 
tuberculosis, left 

Moderate tuberculosis, left, incipient 
tuberculosis right 


45 

1 

1 

H 


Total 


74 


Shape of Thorax- 
Broad 

Slightly broad 
Long 

Broad and long 
Total 


Cases 

25 

1 

31 

17 


74 


Rib Spaces and Unglc of Ribs— Cases 

Wide rib space and right angle 14 

Wide rib space, gradual angle (20-i- 51) 21 

Wide rib space and acute angle C 

Wide rib space, angle not given 1 

Narrow rib space and right angle 8 

Narrow rib space and gradual angle 7 

Narrow rib space and aeute angle 2 

Narrow, right, wide, left, right angle 
Narrow, left, wide, right, right angle 
Narrow, left wide right, right angle 
right, gradual left 

Narrow, left wide, right gradual angle 
Normal rib space and acute angle 
Wide rib space, nght angle, left grad 
ual, right 

Wide nb space right angle right, grad 
ual, left 

Rib space not gnen gradual angle 
Not given 


Total 


74 


The lung changes usually indicate whether the diagnosis of the 
second t>pe of cavity is warranted or not If there is surrounding 
infiltration, if the case is progressive, if there is absence of fibrous 
tissue, and if all other conditions are equal, the area of transparency 
Mith ragged, irregular outline can be diagnosed as a cavity This 
cavity will in all probability either grow larger or other areas will in 
time be seen, behind, in front of, or on either side of it 

The shape of ca\ ities aids in the diagnosis Circular or oval areas, 
e\en and regular in outline predominate in the majority of cases A 
true caMt), especially one with fibrous wall, is seldom anything but 
oial or circular In cases where cavity outlines are superimposed one 
ON er the other care should be taken that the resulting irregular outlines 
are not confused with the regular outline of a single cavity Likewise, 
outlines of the nb, the border of the scapula or of the mediastinum. 
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bronchial markings, or bands from a thickened pleura may be confused 
with the outline of the cavity 

Lastly, the unilateral asymmetry of the thorax must be taken into 
consideration, conti action of the nb spaces, the increased angle of 
the ribs themselves from the spine, and the narrow bony apical out- 
line, as well as the total narrowness of the thorax , in short, any appear- 



Fig 1 — Case 71 Roentgenogram of kings in a fairly early case There" 
IS typical pleural thickening on the right side with annular shadow, not cir- 
cular This roentgenogram demonstrates a stage in the development of pleural 
annular shadows 

ance of the thoiax to indicate lack of respiratory effort or lack of lung 
function, and, therefore, immobilization of the chest wall, especially 
if in contrast to the opposite side If there is cavitation at the apex, 
It IS surprising to see the degree of contraction or collapse that takes 
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place in the thorax wall from the apex to the third or fourth ribs 
The physical findings should be included in all cases of cavitation, 
especially when the roentgenogram fails to give complete or definite 
evidence 

2 True Annular Shadows — ^These shadows are produced by the 
pleura They have no relation to pulmonary infiltration or softening 



Fig 2 — Case 225 Roentgenogram of the lungs m an advanced case with 
large multiple caMtation, not typical and in earlier stages more difficult to 
diagnose 


and breaking down of lung tissue It is true that the two conditions 
may coexist, but it is equally true that pleural changes may be secon- 
dary to cavitation, or vice versa Consequently, if a case is presented 
in which cavitation is accompanied by a pleural annular shadow, it is 
generally impossible to differentiate the two conditions (Case 1 
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TABLE 3 — Pleural and Bronchial Annular Shadows 


Number 

Bate 

Position 

Size 

Type 

1094 0 


Ist rib, left 

36 X 25 

Intrapulmonarj Br 

733 D 


3d rib up, right 

Multiple , indistinct 

Intrapulmonnry Br 

001 M 

4/17/10 

2d rib up, right 

3x3 

Intrapulmonary Br 

OCCB 

3/ 6/19 

2d to 1st rib, left 

36X3 

Intrnpulmonary Br 

71 A 

7/ 8/18 

4th to 2d rib, right 

7X6 

Pleural 

087 M 

12/ 0/18 

Over 2d rib, right 

4x25 

Pleural 

1137 J 

4/30/19 

2d rib to apex, right 

Indefinite, several 
circles, 2+ cm. 

Intrapulmonarj Br 

1127 P 

4/28/19 

Left apex 

3x3, indistinct 

Intrapulmonary Br 

004 M 

3/13/19 

Over 1st rib, right 

3x25 

Pleural 

093 P 

3/10/10 

Ist space, left 

2x16, Indistinct 

Intrapulmonary Br 


nnd 

Over 3d rib, left 

3 5x3, full field 



6/ 8/19 

Over 4th rib, right 

4x3 

Pleural or intrapul- 
monnry Br 

93GL 

3/ 8/19 

Over 1st rib, left 

3X3 

?Pleural 

470- W 

2/17/19 

and 

4/29/19 

Over 2d rib, left 

4X3 

Pleural 


Over 2d rib, left 

4x4 

fintrapulmonary Br 

1090 B 


2d to 1st rib, right 

6x4, indistinct 

?Intrapulmonary Br 

1091 B 

ffl 

2d to 1st rib, right 

4x4, indistinct 

Intrapulmonary Br 

1120 D 

^Kr/mwS ffl 

Over 1st nb, left 

4 X 4, si indistinct 

Intrapulmonary Br 

1140 V 

HHil 

3d rib up, left, 2d rib 
up, right 

3d space, right 

Multiple small nnd large 
circles, dilTusc outline 

?Oavitation and an- 
nular, pleural 

405 W 


3x16 

Pleural 

050 Q 

11/30/18 

2d space, left 

Several otcrlnpping 
2x2 nnd 1x1 

Intrapulmonary Br 

1144 H 


Apex, left 

25X15 

Intrapulmonary Br 

852 M 

3/19/19 

Over 1st rib, loft, 
outer 

6x4 

Intrapulmonary Br 

853 S 

3/27/19 

Ist to 3d rib from 
hilus, right 

5X5 

Intrapulmonary Br 

828 B 

3/ 8/19 

2d rib to apex, left 

56X4 

Pleural 

1009 M 

4/13/19 

Apex, left 

Apex, right 

3x3 

3x3 

Intrnpulmonary Br 

003 P 

iimio 

3d to 2d rib, left 

3d to 1st rib, right 

26X26 

4x4x4 (triangle) 

Intrapulmonary Br 

083 D 

3/11/19 

2d rib, right nnd left 

Several superimposed 

2+ cm 

^Intrapulmonary Br 
and pleural 

B 

4/28/19 

2d rib to apex, right 

Irregular, double circle 

Intrapulmonary Br 

1128 K 

4/28/19 

Over ist rib, left 

3X3 

Pleural 

1181 H 

6/ 7/19 

Over 3d rib, left, 
cavity right apex 

26X4 

Intrnpulmonary Br 

1174 B 

6/ 0/19 

1st rib, left 

3X3 

Pleural 

4GCU 

5/ 0/19 

2d and 3d ribs, right, 
cavity left apex 

4x4 and 3x3 

Pleural and intra- 
pulmonarj Br 

309 M 

9/ 4/18 

2d space, right 

16 X 16 

Pleural 

001 D 

12/7 nnd 
II/IS/IS" 

4th space, left 

6X6 

Pleural 

HOP 

3/17/19 

2d rib nnd Ist space, 
right 

6X5 

Intrapulmonary Br 
and pleural 


* 4th of April nnd 7th of May, no trace No emphysema at any time 


TABLE 4 — Summary or Findings Shown in Table 3 


Position— 

Left 

Right 



4th space 

1 

Sivc— 

Oases 

4th rib and up 

1 

1 

Over 5 cm in greatest diameter 

8 

3d space 


1 

Over 4 cm in greatest diameter 

8 

3d rib nnd up 

4 

4 

Over 3 cm in greatest diameter 

13 

2d space 

1 

1 

Less than 3 cm in greatest di.imcter 

4 

2d rib nnd up 

5 

9 

Multiple, indefinite 

6 

Ist rib nnd up 

6 

I 


Ape\ 

3 

1 



Tj pc— 



Type— 

Cases 

Intnpulmonnrv bronchial 


IRSI 

Ques pleural 

2 

Ques intrapulmonary bronchial 



Intrapulmonnr\ Br and pleural 

2 

Pleural 


HI 

Ques intrapulmonary Br nnd pleural 

o 
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390 D) Under these circumstances it appears that the process of 
cavitation in the lung is anchored for beneficial purposes by the pleura 

Case 1 (390 D) — Examined Feb 17, 1919 A definite annular shadow 
found in the right upper lobe accompanied by pleural thickening No evidence 
of cavitation Examined again May 19, 1919 Stereoscopic roentgenograms 
gave an unusual picture of positive cavitation in the right upper lobe, demar- 
cated sharply below by the interlobar fissure, which was seen as a heavy 
opaque band Above this band the transparency was marked with great depth 
and no lung markings There was absolutely no positive physical signs of 
cavitation present 

An annular shadow, m most cases, is larger than a true cavity, 
being generally four or more centimeters in diameter Consequently, 
a large size is in favor of its being pleural These shadows are by no 
means as common in the apical region as are those of cavitation 
Table 3 demonstrates this These annular shadows are more super- 
ficial They appear to be nearer the surface and usually seem to be 
on an even plane 

The inner and outer borders of the outline of an annular shadow 
usually differ more than do those of cavities The inner border is 
usually sharply demarcated and smooth, as is found in a cavity with 
a well formed fibrous wall The outer border fades off, is usually not 
demarcated from the surrounding tissue and so differs from the sharp 
inner border The transparency of an area within a ring, in a slightly 
affected lung is, of course, no greater than any other part of the lung 
There is also no reason why in an affected lung, say infiltrated, a true 
annular shadow should give an inner area of transparency In cases 
where the annular shadow and lung cavitation combine, the case is 
different 

Annular shadows are not necessarily of a regular oval or circular 
outline The contour depends on the position of the shadow, the dura- 
tion of the pleurisy and on other physical facts They are much less 
liable to be circular than are the majority of cavities Not infrequently, 
three-fourths of the circumference of annular shadows is regularly 
circular, the remaining one-fourth being irregular with an indefinite 
border This is more likely to be the case when the pleurisy is exten- 
sive Under the latter circumstances the diagnosis of an annular 
shadow IS usually easier , and also the fewer lung changes there are, the 
easier the diagnosis of the presence of annular shadows 

Annular shadows are the result of adhesions between the parietal 
and parenchymal pleural surfaces subsequent to inflammation Under 
certain conditions there is an oval or circular arrangement of the pleura 
to the formation of which the movement of the lung and thorax 
contnbutes, resulting in the formation of a central or local pseudo- 
emphysema The area around the annular shadow which borders on 
the shadow represents the more firmly attached or organized pleura In 
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an interesting case of a light cortical pneumonia, observed early at the 
army hospital, a distinct annular shadow over the fourth space m front 
and m the full pulmonary field was noted The shadow was at first 
localized and even but progressively developed into an annular type 
which later gradually disappeared The whole process developed dur- 
ing a period of four months and has proved to be tuberculous in origin 
The clinical observations agreed with the roentgenographic findings 



Fig 3 — Case 707 Roentgenogram of the lungs irr an advanced, rapidly 
progressing case The atypical annular shadow is more difficult to diagnose 
Probably early multiple cavitation was present Frequent reexamination is 
important in these cases 


The most important question m the majority of cases is whether 
the lung condition warrants a diagnosis of tuberculosis If this is 
established, then one must determine whether the disease is sufficiently 
advanced to make the diagnosis of cavity probable Consequently, the 
appearance of annular shadows in such cases must have a relation to 
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the underlying lung condition (Case 1 390 D) If physical signs are 
insufficient to establish the diagnosis of cavity, the assumption is 
warranted that the annular shadow is due to pleural inflammation 
From the foregoing it may appear that it is a simple matter to differ- 
entiate accurately between cavitation and annular shadows, yet this is 
not the case Size, position, lack of transparency, gradual fading of 
the outer border, evidence of pleurisy, absence of advanced pulmonary 
changes, and so forth, are aids in differential diagnosis but nothing 
more 



Fig 4 — Case 811 Roentgenogram of the lungs m an advanced bilateral 
case showing the presence of a large typical cavity m the right lung and 
multiple cavitation throughout both lungs 


Just as physical signs disappear m ordinary clinical cases of pleurisy, 
so in the course of a few months annular shadows also may appear 
(Case 2 768 C ) The absence of progressive lung changes in the 
face of modification in the shadows is added proof that the latter are 
pleural in origin 

Case 2 (768 C) — Examined Feb 25, 1919, and a distinct annular shadow 
vas seen at the second interspace on the left May 19 the patient was 
reexamined and no evidence of annular shadow was found The local lung 
density had not increased although some advance of the disease was seen in 
both lungs 
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3 Intrapuhnonary Anmdar Shadows — In a small percentage of 
cases these shadows occur in the full pulmonary field Invariably, they 
are just outside the hilus area, one border of the ring shading ofiF into 
the lulus Itself Although very rarely mistaken for cavities, these 
shadows may easily be confused with pleural annular shadows Intra- 
pulmonary annular shadows are rarely as regularly oval or circular 
as true annular shadows Their walls commonly resemble peribronchial 
thickening and in the majority of cases a well defined communication 
IS seen between the shadow and bronchi at the lulus or in the full 
pulmonary field The inner border of the shadow does not differ from 
the outer, both are slightly irregular or fuzzy in outline The trans- 
parency of the inner area is no greater than that of other portions of 
the lung These shadows can invariably be diagnosed If closely 
examined with the stereoscope, it will be found that the medial portion 
of the shadow, that is, the portion resting on the hilus, is heavier than 
the distal portion, and that it is definitely bronchial and hihc in origin 
The distal portion fades off, and ordinarily the two points which form 
an arc or the outer half of the annular shadow, are separated 

The stereoscope definitely indicates that mtrapulmonary annular 
shadows are formed by two or more bronchial or root branches, and 
that they are neither pleural nor cortical in origin These intrapul- 
monary shadows are seldom seen either in the second or m the advanced 
stage of tuberculosis Indeed, if tuberculosis is present to any marked 
degree, these shadows are made out with difficulty They are due to 
definite fibrous peribronchial changes and do not disappear With the 
exception of aiding in ruling out tuberculosis, clinical evidence seldom 
assists in the diagnosis A very unusual example of this type of 
shadow IS illustrated in Case 3, 853 S 

SUMMARY 

To summarize There are three conditions which at times may be 
confused and i\hich make a differential diagnosis difficult or often 
impossible These include (a) true cavitation in pulmonary tubercu- 
losis, with and vithout fibrous walls, (b) true pleural annular shadows, 
with and without pulmonary disease, (c) false annular shadows of 
mtrapulmonary bronchial origin, occurring in early pulmonary tuber- 
culosis and other chest conditions These three conditions are illus- 
trated here 

I have shown that a clear understanding of the pathologic processes 
imohed, thorough appreciation of the different clinical signs is needed, 
and since, in a broad sense, we are less interested in the presence or 
absence of cavitation than in its affect on diagnosis, treatment and 
prognosis, it is essential carefully to consider other acute or chronic 
lung lesions m conjunction with the direct e\idence of cavitation 
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Apical pleural adhesions are, of course, of much greater weight in 
the diagnosis of pulmonary lymphatic tuberculosis than are similar 
changes at the base However, the mere presence of an apical annular 
shadow, although it may be due to the same process which occurs 
frequently at the base, invariably leads to a more serious diagnosis 
than is warranted If the movement of the lung at the apex were as 
great as at the base (all other conditions being equal), probably fewer 
annular shadows would result from pleural thickening If tuberculosis 
of the base of the lung occurred more frequently, we would be led, in 
a large number of cases, to a different diagnosis than that of mere 



Fig 5 — Case 828 Roentgenogram of the lungs m an advanced case, show- 
ing a large, very typical cavity in the left apex with smaller multiple cavities 
in the right apex 


pleural thickening On the other hand, if every annular shadow 
depended on a cavitation m the lung, then the frequency of lung cavita- 
tion would be increased enormously Under these circumstances the 
presence or absence of preceding infiltration is unessential 

In many cases distinctly oval or circular areas of transparency 
which confuse the diagnosis are found These areas, which are often 
outlined by bronchial shadows, bony structures, or most frequently by 
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the lulus, may be mistaken for cavitation, annular shadows or c\en 
bronchiectasis , occasionally they are produced by a localized emphy- 
sema (Case 119 F and Case 1131 M ) Finally, the physics of roent- 
genology and the limitations m roentgenologic diagnosis must be remem- 
bered If acute, congestive conditions prevail, it may be impossible to 
differentiate the lesions mentioned Repeated roentgenological and 
physical examinations are, therefore, clearly indicated 



Fig 6 — Case 840 Roentgenograms of the lungs in a case demonstrating 
the difficulty often encountered in making a diagnosis of cavity and annular 
shadow 


CLINICAL FEATURES 

The difficulty m determining the presence of a cavity can readily 
be imagined by a study of the pathologic and roentgenologic findings 
in this condition The roentgenologist errs more frequently in failing 
to diagnose a lesion when it is present than in diagnosing cavitation 
when it does not exist Clinically, the reverse is true A diagnosis of 
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cavitation is frequently made when no cavity is present This is no 
reflection on the clinician, for m both physical and roentgenologic 
diagnosis there are similar limitations To illustrate this point the 
following cases are presented 

Case 3 (1021 P) — Clinically, this was an advanced case of pulmonary 
tuberculosis On physical examination, there were definite signs of cavity, 
such as whispered pectoriloquy and bronchial breathing There was an area 
of hyperresonance on percussion localized over the upper lobe of the right lung 
On roentgenologic examination, the right lung was markedly consolidated 
without evidence of cavitation Postmortem examination demonstrated the 
correctness of the roentgenologic findings It is well known clinically that 
fluid and consolidation may give some of the signs of cavitation It is equally 
well known that large cavities may exist without physical signs 

Case 4 (390 D) — Clinically this was a case of active pulmonary tubercu- 
losis involving the upper and middle lobes of the right lung and the upper 
and lower lobes of the left lung Roentgenograms made September, 1918, and 
February, 1919, confirmed the clinical diagnosis A third roentgenographic 
examination at the end of April, 1919, showed a definite cavity involving the 
whole upper lobe sharply demarcated by thickened fibrous tissue and inter- 
lobar pleura Clinically, positive signs of a cavity could not be decided 
until June 

In briefly reviewing some of the literature several points of interest 
are brought out Aimard® calls attention to so-called “silent” cavities 
However, it is not clear whether or not he includes under this heading 
annular pleural shadows that are not cavities He divides cavities 
into three classes, under the third class, he places those in which the 
contours are effaced, indicating an arresting of the process These 
manifest no clinical signs of cavity and their outlines may disappear 
“Again,” he states, “one sometimes encounters false silent cavities 
which might be taken for real ones These are chiefly seated at the 
right apex ” 

Paillard and Robert^^ summarize very well the physical findings in 
ca^ itation In large cavities they are as follows exaggerated sonority , 
rather frequent cracked pot sounds, exaggerated vibrations, amphoric 
breathing, sometimes gurgling sounds, which may change with the 
patient in different positions, pectoriloquy, a clear zone of sound in 
marked contrast to surrounding tissue, and sometimes a suggestion of 
Hippocrates succussion splash Smaller cavities sometimes give intense 
and diffuse bronchophony 

Grancher believes that the diagnosis of a cavity is not difficult if it 
be large and contain little fluid, or if it be dry He holds also that 
rales may mask the cavernous breathing and that caseous glands may 
compress a lobar bronchial and conceal the cavity It has also been 
shown, as already noted by Aimard, that emphysema and pleural 
adhesions may interfere with the diagnosis of cavity 

24 Paillard, H , and Robert, L Quelques Points de Semeiologie des 
Ca% ernes Pulmonaires Tuberculeuses, Progres med 27 462, 1911 
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Sternberg==° states that coarse tubular sounds are pathognomonic 
with the same type of rales found with, or after, coughing He con- 
siders the quantity of sputum important, while a continuous secretion 
of “suppurating” sputum indicates probable cavity A quantity of 
sputum between 80 and 100 c c is significant As is well known by 
percussion, a change in the quality of the note with the mouth open 
and when closed suggests cavity Sternberg’s modification of Win- 
trich's phenomenon gives the following results with the mouth closed, 
light percussion elicits no abnormal sound When the mouth is opened 



Fig 7 — Case 853 Roentgenogram of the lungs in a fairly early case with 
typical bronchial annular shadow extending from the first to the third rib on 
the right side This shadow may be seen best by means of stereoscopy 


as widely as possible and uniform vigorous percussion is continued, a 
tympanitic sound is elicited which decreases as the mouth is gradually 
closed Sternberg also emphasizes the importance of the presence of 
large numbers of acid fast bacilli The failure to obtain positive 
sputum IS generally against cavitation 

25 Sternberg, A Zur Symptomatologie der Lungencavernen, St Petersb 
med Wchnschr 35 626, 1910 
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King,-® reporting on posttussive suction as a constant sign found 
in cavities, claims that whispenng pectoriloquy in his experience is 
most fallacious Posttussive suction has a high detached sound heard 
over certain cavities after coughing It may vary in depth and inten- 
sity He believes that it occurs most usually in old cavitations where 
there is a good deal of elastic fibrosis around the cavity He agrees 
that firm pleural adhesions favor the production of the sound It is 
not heard, however, in every case of cavity, but when heard it is a 
positive sign 



Fig 8 — Case 960 Roentgenogram of the lungs in an advanced unilateral 
case The original upper right lobe involvement is demarcated strongly and 
sharply by fibrous and pleural interlobar thickening The large cavity has 
a heavy fibrous outline 

Norns® lays stress on the important and interesting question of the 
differential diagnosis between incipient tuberculosis, healed cavities and 
nontuberculous fibrosis The fine, localized crackling rales which are 
heard at the end of inspiration and which often disappear on deep 

26 King, D B The Value of Posttussive Suction as a Sign of Excava- 
tions in the Lung, Internat Clin , IS S 4 61, 1906 
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breathing cannot be confused with the longer, louder metallic clicks 
heard u hen a cavity is present Likewise, the blowing amphonc note 
and whispered, cavernous pectoriloquy are not-readily confused with 
the suppressed breatli sounds, respiratory harshness or bronchial 
breathing found in incipient cases Coughing, he says, will often cause 
signs of cavity to become more marked , gurgling rales originating m 
the cavity may also aid in the diagnosis Norris believes that cavities 
are more frequently o\erlooked tlian erroneously diagnosed when 
absent All wise statements are true if applied to a certain group of 
cases , but tliey cannot be expected to hold true for all cases 

Mantoux" believes tliat in tuberculous patients the clinical diagnosis 
should be made certain and confirmed by bacteriologic and roent- 
genologic examination The three methods, he says, are equally indis- 
pensible, one corrects tlie error of the other An examination of a 
tuberculous patient is incomplete if it does not rest on this diagnostic 
triad 

Fishberg® concludes by saying, “On tlie ^^hole, cavities indicate 
chromcit}' of the tuberculous process in the lung” “It shows,” he 
sa)^s, “that the resisting forces are actn e ” From my expenence m 
this mstitution I am of the opinion that such conclusions are erroneous 
(Tables 1, 2, 3 and 4) 

Allyn- regards the following signs as most trustworthy m diag- 
nosing a tuberculous cavity m tlie lung , deficient expansion or flattening 
of tlie chest vail over tlie cainty on breathing, high pitched tympany 
on percussion, espeaally if percussion is made with the mouth open, 
whispered pectonloquy, cavernous breathing, multiplicity of rales, 
particularly moist rales which, after coughing, have a resonating 
quality Rieder^ points out the danger of infection of one part from 
cavities in anotlier part of the lung 

Ribadeau-Dumas^® concludes tliat clinical metliods are insufficient 
In eleven cases of tuberculosis with cavities tlie size of a large nut, but 
few were suspected during life 

Lhomme^® believes that functional and physical signs of cavity are 
deceptive and tliat the diagnosis of cavities in infants is difficult 
Pallasse and Roubier^- and Bernand and Tecoffi^ point out that 
other diseases, such as dilatation of bronchi, pulmonary syphilis, post- 
pneumonic abscess, encysted pleuris}^ partial pneumotliorax, or gan- 
grene, may be confused with tuberculous cavity signs 

I have already called attention in our cases to other conditions 
which have been diagnosed as cavities and others m vhich ca^^tles 
were present, the physical signs being absent 

In order to establish the diagnosis of cavity by physical means, the 
presence of certain sounds and signs is necessarj" The study of the 
skeletal and muscular asjnnmetry of the thorax is helpful — the demon- 
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TABLE 5 — Physical Signs in Cavity Area 



TABLE 6 — Summary of Table 5, Showing the Physical Signs in the, 
Cavity Area in Forty-Five Cases 


1 

Number of 
Oases 

Percentage of 
Cases 

"Whispered pcctonliquy 

25 

55 

Broncliial vesicular breathiuB 

35 

77 

Bronchial breathing 

14 

31 

Feeble breath sounds 

4 

8 

\niphoric breathing 

3+ ?1 

8 

TinXling 

3 

6 

Kfilcs 

42 

93 

Dullness 

28 

62 

Diminished resonance 

16 

35 

Harsh resonance 

3 

6 
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TABLE 7— Postmortem Findings and Roentgenographic 
Findings Compared* 


No 

Posi- 

tion 

Postmortem Pmdings 

Posi- 

tion 

Eocntgen Bindings 

7H 

Left 

Eight 

A largo cn^ itj upper lung, anterlorls , 
medially, and posteriorly 

Smaller cavities, middle of lung, mcdi 
ally 

Left 

1st rib, circular cavity, 5\t> x 
5*4 cm 

71A 

Eight 

A large cavity, upper lobe, anteriorly, 
laterally and mediallj 

L A,E 

Apices, indcdnlto cavities of 
indefinite size 

123S 

Left 

BJght 

A large cavity, upper lung, anteriorly, i 
medially and posteriorly 

Smaller cavities, middle lung, ante- 
riorly, medially and posteriorly 

Left 

1 

i 

i 

Sd to 1st nb, irregular oval 
capacity, 6 x 5 cm 

12SG 

Left 

A large cavity, upper lung, anteriorly, 
medially and posteriorlj 

Left 

1st to Sd nb, irregular oval 
cavity, 3% X S cm 

150E 

Bight 1 

1 

Left 1 

! 1 

A large multiloculnr cavity, upper lung, 
anteriorly and medially, a smaller 
cavity, lower lung, posteriorly 

An enormous cavity occupying the 
upper third of the lung 

Left 

Bight 

1 

Ist rib up, irregular cuMties, 
3 cm 

Sd nb up, multiple cavities 

i 

17SS 

E & L 

Multiple cavities, upper lung, anteri- 
orly 

Left 

Apex, circular cavity , 6 x 6 cm 

225U 

Eight 

A large cavity, upper lung, anterioilj, 
medially and posteriorly, 6 cm in 
diameter, 2 smaller cavities situated 
near the hilus of the lung, approM 
mutely 2 cm in diameter 

L & E 

Several cavities, 1st and 2d 
spaces, circular, 6 x 2 x 1%, 
right, 1 X 1% X 2, left 

2260 

Eight 

A large cavity, 8 cm in diameter, up- 
per lung, anteriorly, posteriorly, and 
laterally, many smaller cavities below 

Eight 

Multiple circular and oval cav- 
i ities, Ist, 2d, 3d spaces, 2x3 
cm -f 

2270 

Left 

Eight 

« 

A large cavity and many smaller ones, 
upper lung, anteriorly, posteriorly 
laterally 

Many large cavities, upper lobe, poste 
riorly, anteriorly, laterally and medi 
ally 

1 Left 

Eight 

i2d rib up, indefinite cuMty, 
5-f cm 

Over 1st nb, circular cavitv, 
3 X S cm 

442W 

Left 

Eight 

1 

A multiloculnr cavity, upper lung, an- 
i terlorly, posteriorly and medially 

A cavitv in the upper lobe anteriorly 
and lower anterior portion, several 
small ca-vitics m mid portion, small 
cavity in mid portion of lower lobe 

LAE 

1 

Multiple circular and irregular 
cavities, 3d nb up, 3 cm -i- 

447E 

Left 

A large cavitv and smaller cavities 
throughout upper halt ol lung, 
medially 

Left 

1 

1 

2d space, irregular circular cav- 
i ity, 3 X 3% cm 

i 

487H 

Left 

1 Eight 

Lung collapsed 

Many small cavities throughout 

Left 

Eight 

Cavity, pneumothorax 

1 1st and 2d ribs, circular and 
oval cavities, 5x4x3x4cm 

546E 

Left 

Eight 

Two large cavities, upper lung, medially 
Smaller cavities, upper lung, medially 1 

LAE 

1st and 2d space, oblong cav- 
ities 2 X 1% cm 

GOIM 

Bight 

Left 

A large cavity, upper lung, anteriorly, 
medially and posteriorly, smaller 

I cavities, middle and lorver lung, 
anteriorly 

Smaller cavities, upper lung, anteriorly, 
medially and posteriorly 

Eight 

Upper and middle, irregular 
04 al cavities, 2 cm -f and 
Gx G cm 

i 

602W 

E&L 

j Small cavities, upper lung, medially 

E A L 

Upper lobes, oval cavities, G x 6 
and 6 X 4 cm 

645H 

E & L 

Large cavities and multiple smaller 
ones, upper lung, anteriorly, medially 
and posteriorly 

LAE 

1st nb, oval and circular cav- 
ities, 6x4, right, 6x4, left 

G4G\ 

i 

A large cavity, upper lung, anteriorly, 
medially and posteriorly 

Smaller cavities, upper lung, anteriorly, 
medially and postcriorlv 

Eight 

1 Middle and lower, indefinite and 

1 circular cavities, 2 cm + and 
3 X 2 cm 

! 
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TABLE 7— Postmortem Findings and Roentgenographic 
Findings Comp\red * — (Coutviucd) 


^0 

Posi 

tion 

Postmortem Pindings 

Posi- 

tion 

Roentgen Findings 

G52K 

Left 

Right 

Many small cavities, upper lung 

A large cavitj, apc\, anteriorly, mcdi 
allj and posteriorly, 6 x 6 cm m 
diameter 

Bl 

1st space, circular cavity, 5x4 
cm 

Multiple, 3d rib up 

(iSSD 

Left 

iRght 

A large cavity, upper and middle Jung, 
anteriorly, medially and posteriorly 

A large cavity, middle lung, anteriorly, 
medially and posteriorly, sm ill civ- 
ities, lower lung, medi illy 

Left 

Multiple, apex, 2d rib up, indeli 
nito m size and shape 

732S 

1 

1 

1 

1 

Left 

Right 

Large cavities, anteriorly mcdiallv and 
posteriorly, upper lung, multiple 
smaller cav ities throughout outer 
portion, posteriorly 

Large cavities, upper lung, anteriorly, 
medially and posteriorly 

L lie R- 

Upper lobes, many oval and 
circular, right, G x 7, left, 
3 X to 5 X 3 cm 

TCGD 

i Left 

1 

1 

A large cavity, upper lung, anteriorly, 
medially and posteriorly, smaller cav 
ities, middle and lower lung, medially 
and posteriorly 


Multiple, 3d nb up, indefinite 
shape, 2-t- cm in diameter 



The whole lung, except a small area in 
the lower posterior is one large cavity 

Right 

All lobes, circular and oval cav 
itics 3 cm + 



A large cavity, 6 x 8 cm m diameter, 
apex, anteriorly, medially and pos 
tcriorly 

Left 

2d rib up 

810S 

Left 

Right 

Large cavities upper lung, anteriorly, 
medially and posteriorly, multiple 
smaller cavities throughout middle 
lung, medially and posteriorly 

Large cavities, upper lung, anteriorly, 
medially and posteriorly 

L A R 

Multiple circular and oval cav 
Ities, 3d nb up, 3 era H- 

030D 

Left 

Right 

A multilocular cavity upper third, 
numerous small cavities in midpor- 
tion, anteriorly, medially and poste- 
riorly 

Smaller cavities, upper lobe 

Left 

Right 

3d nb up, multiple indefinite 
cavities 

Over 2d nb, multiple indefinite 
cavities 

951G 

Right 

A large cavity, upper lung anteriorly 
and posteriorly 

Right 

5th nb up, multiple circular 
cavities 4 cm + 

1002T 

Left 

Numerous small cavities throughout 

Right 

4th nb up, multiple indefinite 
cavities 

237D 

Left 

i Numerous small cavities, upper lobe, 

1 varying in size from 1 to 8 cm , lower 

1 lobe, upper portion several cavatics 
of not more than 15 mm 

Left 

Several small circular cavities, 
1 cm and more 


* Tlio postmortem findings as compared with the roentgenographic findings, in fourteen 
of the tuentv seven cases coming to necropsy showed that the position of the cavities was 
correctlj diagnosed by roentgenograph, or 51 per cent , m ten cases, or 37 per cent , the 
position of some of the cavities was correctly diagnosed by roentgenogram, and in only 
tlircc cases or 11 per cent , ■Has the roentgenographic diagnosis shown by necropsy to be 
incorrect 


stration of fixation or immobilization of a local area (say, for instance, 
the right upper portion from the third rib front) is important An 
absence of movement in this area, or lagging in breathing, and an 
appearance of collapse m contrast to compensatory changes on the 
opposite side (that is, greater size, extension, more respiratory move- 
ment, greater filling and expansion), is of first consideration 

Consequently, by inspection and measurement much information 
can be obtained to aid in the more detailed diagnosis obtained by 
auscultation and percussion The extent of the tuberculosis should be 
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determined first, the degree of apical involvement as compared with 
that at the base , whether there is hilus involvement , whether the pleura 
IS affected, and to what extent, if any, the movements of the diaphragm 
are diminished 

The duration of the disease, the chromcity of the process and the 
course of the infection are of assistance in diagnosing cavity How- 
ever, the lung should be in such a condition as regards the cavity that 
signs or combinations of sounds and conditions can be elicited and 
heard sufficiently clearly, intensely and constantly to be considered as 
diagnostic of cavity The same rule holds good clinically regarding 
size, position, etc , of cavity as obtained roentgenologically 

In the patients examined at U S Army Hospital No 16 during 
the period of one year, 449 were definitely diagnosed as having tuber- 
culosis of one or more lobes We are, therefore, concerned with these 
cases, for among this number there occurred seventy-four cases of 
cavitation (Table 1) In the examination of the patients with cavita- 
tion the physical signs detailed in Tables 5 and 6 were found Con- 
sequently, an analysis of the figures given here will aid in appreciating 
the subject as a whole 



RAT BITE FEVER >= 

REPORT OF A CASE 

AARON ARKIN, AM, MD, PhD 

MORGANTOWN, W VA 
DEFINITION 

Rat bite fever (Sodoku of the Japanese, Rattenbisskrankheit , toxi- 
infection par morsure de rat , morbo da morso di topo, etc ) is an acute 
infectious disease caused by Spuochaeta mojsw mniis, following the 
bite of the rat (rarely cat, weasel, ferret or other animal) and char- 
acterized, after an incubation period, by recurring paroxysms of fever, 
a blue red exanthem, marked nervous symptoms, emaciation and 
weakness 

HISTORICAL 

The disease is best known in Japan where it has long been endemic 
For a review of the history of this extremely interesting and rare 
disease the reader is referred to the excellent report of the disease in 
Japan by Miyake,^ who, in 1900, found no cases recorded m the 
European literature In the older Japanese literature appear many 
references to a disease incident on the bite of the rat, but not fully 
described The first good description in modern Japanese publications 
appeared in 1890, in Katsura’s system of surgery 

Not only was the disease recognized early as being related to the 
bite of the rat in Japan, but it appeared also in the settlement days in 
our own country Several reports of an unusual febrile disease, accom- 
panied by severe nervous symptoms, and following the bite of the rat 
are found in our early medical journals Of these, perhaps, the first 
IS that of Dr Whitman Wilcox^ published in 1840 Reporting an 
attack following the bite of a rat he states “Very little notice was 
taken of the wound until 12 or 13 days afterwards, when it commenced 
to be painful and tumefied I was called in on the evening of the 17th, 
and found him with pain in the back and head, heat of skin, thirst, 
tongue with a thin white coat, bowels costive, hand painful and swollen, 
pulse nearly natural, etc ” He then describes severe mental symptoms, 
gangrene of the wound, with sloughing of the skin He also mentions 
a relapse occurring three or four days after subsidence of the first 

*From the Department of Pathology and Bacteriology of Wqst Virginia 
Unnersity School of Medicine 

1 Miyake, H Ueber die Rattenbisskrankheit, Mitt a d Grenzgeb d 
Med u Chir 5 231, 1899 

2 Wilcox, W Violent Symptoms from the Bite of a Rat, Am J M Sc 
26 245, 1840 
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attack and lasting five to six days This description corresponds 
closely with our present conception of rat bite fever The characteristic 
exanthem and the lymphangitis and adenitis were not mentioned, how- 
ever , nor was the relapsing type of fever carefully described 

In a study of the French literature, Roger^ has found an excellent 
report of the disease made by Millot-Carpentier* m 1884, which leaves 
little doubt that his report of the disease was the first in Europe, and 
preceded the Japanese study of Miyake In 1909, Horder^ reported 
three cases from England Crohn® m this country, reviewing the litera- 
ture in 1915, found a total of fifty-two cases, and added one case which 
he reported Blake, ^ m 1916, collecting the cases reported at that time, 
found a total of eighty-one on record in the entire literature 

I have found forty-eight cases reported since 1916 to July, 1919 
These reports are given in the list of references This makes the cases 
to date, including the eighty-one collected by Blake to 1916, number 
about 130 

INCIDENCE OF DISEASE 

Cases have now been reported from Japan, France, England, the 
United States, India, Italy, Morocco, Scotland, China, Spam, Germany, 
Brazil, Australia and the Philippines It is interestitng to note that 
medical officers of the army have reported a number of cases among 
soldiers in the trenches in France and elsewhere The similarity of 
the fever to trench fever, and the presence of obscure fevers, makes it 
necessary to keep this disease in mind in the trenches A failure to 
obtain the history of a rat bite, or to recognize the cardinal symptoms 
of rat bite fever, might more easily occur among soldiers in active 
warfare 

The greatei prevalence of the disease in Japan is probably due to 
the fact that more people live m wooden houses, where rats are 
numerous Whether the percentage of infected rats is higher in Japan 
than m other countries cannot be known until a study of the prevalence 
of the spirochete in rats in different countries is made According to 
Japanese investigators, the organism is found m from 3 to 12 per cent 

3 Roger, H Erytheme toxi-infectjeux et septicemie legere par morsure 
dc rat des trancliees, un cas de sodoku fruste, Marseille med 53 321, 1916 Le 
cas frangais de sodoku, toxi-infection par morsure de rat, Presse med 25. 
201, 1917 De I’anciennete, en France, de la toxi-infection par morsure de 
rat (sodoku des Japonais), Rev gen de clin et de therap, Par 31 323, 1917 

4 Millot-Carpentier Considerations medico-physiologiques sur un cas de 
morsure de rat suivie d’mtoxication ayant determine des accidents nerveux 
simulant I’hydrophobie et I’apparition d’un purpura a forme intermittente, 
L’Union med , Par 38 1069, 1884 

5 Horder, T J Rat Bite Fever, Quart J Med 3 121, 1909 

6 Crohn, B B Rat Bite Fever, Arch Int Med 15 1014, 1915, also Ref 
Handb M Sc , New York 7 483, 1917 

7 Blake, F J The Etiology of Rat Bite Fever, J Exper Med 23 39, 1916 
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of rats m that country It is possible that the disease has been carried 
from Japan to other countries by infected rats A study of infection 
in rats in different countries may help to determine this 


PREDISPOSING CAUSES 

Age and sex seem to play no part in the occurrence of the disease 
It has been found at various ages and in either sex Occupation is 
important only in so far as it renders the person more liable to be 
bitten by rats Hence more cases have been found among farmers, 
seamen, and soldiers in the trenches Previous illnesses have no rela- 
tionship to infection Not all persons bitten by rats develop rat bite 
fever There are a number of determining factors, such as (1) infec- 
tion of the rat, (2) location of the wound — a wound on the exposed 
parts of the body is more likely to become infected than one through 
clothing, 3ust as in rabies, (3) depth of the wound — m some cases a 
scratch has sufficed, in others free bleeding may cleanse the wound of 
infection, (4) mixed infection, which may inhibit growth of the 
spirochete or aid it Cases have been reported of several persons 
bitten by the same rat, one developing the disease, another showing no 
symptoms (Miyake’-) 

THE CAUSE OF RAT BITE FEVER 

Since the recognition of rat bite fever as a distinct disease, several 
reports of the discovery of a micro-organism associated with the 
malady have been published The following may be mentioned (1) 
Streptothrix, Schottmuller,® Blake, Tunmcliff,” Litterer,’® Tileston ” 
(2) Sporozoon, Ogata (3) Telosporidia, Shikami (4) Diplococcus, 
Middleton, Douglas, Colebrook and Fleming’® (5) Spirochaeta mor- 
sus muris, Futaki and associates’^ Ishiwara and associates,’® Ido and 

8 Scliottmuller, H Zur Aetiologie und Klihik der Bisskrankheit, Dermat 
Wchnschr 58 77, 1914 

9 Tunmcliff, R Streptothrix in Bronchopneumonia of Rats Similar to 
That in Rat Bite Fever Preliminary Report, J A M A 66 1606 (March 25) 
1916 , J Infect Dis 19 767, 1916 Tunmcliff, R ,and Mayer, KM A Case 
of Rat Bite Fever, J Infect Dis 23 555, 1918 

10 Litterer, W New Species of Streptothrix Isolated from a Case of Rat 
Bite Fever, J Tennessee M A 10 310, 1917 

11 Tileston, W The Etiology and Treatment of Rat Bite Fever, JAMA 
66 995 (March 25) 1916 

12 Ogata, M Die Aetiologie der Rattenbisskrankheit, Deutsch med 
Wchnschr 34 1099, 1908, Mitt a d med Fakult d k Univ z Tokyo 8 287, 
1909 , 9 343, 1911, 11 179, 1913 

13 Douglas, S R, Colebrook, L, and Fleming, A A Case of Rat Bite 
Fever, Lancet 1 253 1918 

14 Futaki, K, Takaki, I, Tamguchi, T, and Osumi, S The Cause of 
Rat Bite Fever, J Exper M 23 249, 1916 Spirocheta morsus muris, n sp , 
tlie Cause of Rat Bite Fever, J Exper M 25 33, 1917 

15 Ishiwara, K, Ohtawara, T, and Tamura, K Experimental Rat Bite 
Fe\er First Report, J Exper M 25 45, 1917 
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associates/'’ Kitagawa and Mukoyama/' Kaneko and Okuda/® Kusama 
and associates/" etc 

That the bite of an animal, especially the rat, may cause infection 
in man with different micro-organisms is obvious to anyone who makes 
a careful survey of the literature of diseases produced by animal bites 
(rat, cat, ferret, weasel, dog, mouse, etc ) This is not at all surprising 
in view of the demonstration m rats of many parasites (streptothnx 
111 bronchopneumonia of rats by Tunnicliff , Spv ochacia 'icto ohemor- 
iliugiae m rats by Ido m Japan, Noguchi,^" Jobling and Eggstein in 
America, and a number of imestigators in Europe , Spv ochaeta mo]sus 
muus, Futaki and associates, Kusama and associates. Coles Spiiillum 
imno} Carter, Spuochacta lave) am Breinl and Kinghorn, Spvochaeta 
7 ]iuiis Wenyon, ivliich three may be similar to Spvochaeta inorsns 
ima IS Futaki, spirochetes of Borrel, Calkins, Mezinescu, etc Still 
others may be present in the saliva of the rat, such as pathogenic 
streptococci, virus of rabies, etc ) Mixed infections with more than 
one organism might, therefore, occur 

From a study of the disease I am of the opinion that rat bite fever 
IS caused by a specific micro-organism first observed by Futaki and his 
associates, Spvochaeta viotsns imais, for the following reasons (1) 
The disease is a definite clinical entity, as will be described later 
(2) Spvochaeta inoisus mm is has been found in the blood and tissues 
of persons suffering from the disease, in the wild rat and field vole, all 
three strains belonging to the same species (3) The disease has been 
produced in animals by the bite of inoculated rats and pure cultures, 
and the spirochete found (4) Specific immune bodies, spirocheticidal 
and spirochetolytic) are present in the blood of patients (5) Arsphen- 
amin has a specific therapeutic action in the disease 

There are several difficulties in the way of demonstrating the 
specific organism in rat bite fe\er, and it is to aid m overcoming these 

16 Ido, Y , Hoki, R , Ito H , and Wani, H The Rat as a Carrier of Spiro- 
chaetosis Icterohemorrhagiae, the Causatne Agent of Weil’s Disease (Spiro- 
chaetosis Icterohemorrhagica), J Exper M 26 341, 1917 

17 Kitagawa, J, and Mukoyama, T The Etiologic Agent of Rat Bite 
Disease Preliminarj Report Arch Int Med 20 317 (Sept ) 1917 Kitagawa, 
J Clinical Experience with Cat Bite Disease, Saikingaku Zasshi, No 260, 
p 422, 1917 , abstr in China M J 33 55, 1918 

18 Kaneko, R , and Okuda, K A Contribution to the Etiology and Path- 
ology^ of Rat Bite Fe\er J Exper M 26 363, 1917 

19 Kusama, S, Kobayashi, R, and Kasai, K The Rat Bite Fever Spiro- 
chete, with Comparative Study of Human, Wild Rat and Field Vole Strains 
J Infect Dis 24 366. 1919 

20 Noguchi, H Spirochaeta Icterohemorrhagiae in American Wild Rats, 

755 Japanese and European Strains, J Exper M 25 ' 

21 Coles, A C Rat Bite Feier, Lancet 1 350, 1918 
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that I wish to summarize our present knowledge of the disease First, 
the rat that produces the bite is not obtained for examination I have 
not been able to find a single report of such an examinatiton Not 
infrequently the rat is caught and killed, but there is a failure by the 
physician or patient, or both, to recognize its relation to the disease 
Second, the spirochete is present in the blood, skin lesions and lymph 
glands in greatest number at the height of the first few febrile attacks, 
when smears and animal inoculations should be made In some cases 
It may be absent from the blood, or there may be so few as to be over- 
looked This will be discussed under diagnosis 

MODE cr INFECTION 

The spirochete is inoculated m the tissues with the bite It is 
present in the mouth of the rat probably from abrasions of the mucous 
membrane of the gums, as spirochetes have not been found in the 
mouths of experimentally inoculated rats, even when they have been 
able to produce the disease in other animals by a bite and when spiro- 
chetes have been present in the blood Abrasions of the gums could 
easily occur The germ has been found in the submucosa of the gums 
and also in the* salivary glands of inoculated rats It is present in the 
blood of these rats m considerable number about the eighth day after 
inoculation, also in the kidney and suprarenals 

Rats may also become infected by preying on infected rats and 
then transmit the disease by biting man or lower animals 

SPIROCHAETA MORSUS MURIS 

This organism was first discovered by Futaki, Takaki, Tamguchi 
and Osumi in 1915 These investigators found a spirochete in the 
skin lesions, local lymph glands and blood of two of four cases In 
the study of six other cases the following year they found the spiro- 
chete in five, in two of these it was found in the blood Two types of 
spirochete were found, one, a short form, in the blood, the other a long 
form, m the tissues Ishiwara and Ohtawara found a similar spiro- 
chete in animals infected by the bite of rats, confirming the findings 
of Ogata on infection by rat bite In 1916, Futaki found that the two 
types are probably the same spirochete, intermediate forms also occur- 
ring Kaneko and Okuda came to the same conclusion from the study 
of the pathologic anatomy of human cases in which they found the 
spirochete Kitagawa and Mukoyama were able to infect rats, guinea- 
pigs and monkeys with an axillary lymph gland from a patient and 
found the same spirochete Row"- has observed a spirochete in rat 

22 Rou, R On a New Species of Spirochete Isolated from a Case of Rat 
Bite Fever in Bombaj, Indian J M Res 5 386, 1917 
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bile fever in Bombay Sano/^ and Costa and Troisier=^ have also 
found a spirochete in this disease The organism has not yet been 
seen in cases in this country 

The spirochete vanes m length from 2 to 6 microns, with its flagella 
It is from 6 to 10 microns long The short form is usually found in 
the blood of patients and in experimental animals, and is probably 
the young form The long form is found chiefly in human tissues, 
and in culture mediums Intermediate forms and degenerating forms 
also appear In cultures the organism is from 1 5 to 19 microns in 
length, thicker than the Spnochaela palhda, and possesses one cuive 
per micron The curves are regular and sharp There are usually 
from one and one-half to six curves, occasionally as many as nineteen 
It stains readily with Giemsa’s stain, also with Loeffler’s methylene 
blue and gentian violet It is gram-negative Burn’s mdia ink method 
IS very satisfactory Levaditi’s method is best for staining the organ- 
ism m tissues 

The organism is motile, having a rapid movement Cultivated ones 
are less active Infection occurs in the mouse, wild rat, gumea-pig 
and monkey The gumea-pig and monkey develop the characteristic 
fever and other symptoms, whereas the other animals present the 
spirochete in great number in the peiipheral blood without definite 
symptoms In the mouse spiiochetes appear m the blood in from five 
to fourteen days after inoculation, and the animal usually survives 
Mouse inoculation is a valuable aid in isolating the spirochete In the 
guinea-pig the infection usually results fatally with swelling and con- 
gestion of the bitten part, enlargement of lymph nodes, fe\ei, loss of 
weight and alopecia Acute inflammatory changes are found in the 
kidney, and hyperemia and hemorrhages occur m the suprarenal where 
spirochetes are usually most numerous Hyperemia of the lungs and 
catarrhal inflammation of the gastric mucosa also occur In the 
monkey the symptoms are very similar to those m man and the infec- 
tion IS often fatal However, a monkey recovered from the infection 
shows no symptoms on remoculation 

In a very recent study by Kusama, Kobayashi and Kasai, which 
shows the human, wild rat and field vole strains of spirochete to be 
the same, the authors find that on inoculation of a rat or gumea-pig 
the spirochete for the first two weeks is found chiefly in the blood 
Then it appears in the connective tissues of various parts of the body 

23 Sano, T Rat Bite Disease Case Report, Iji Shimbun, No 981, p 
1153, 1917, abstr China M J 32 469, 1918 

24 Costa, S , and Troisier, J Un cas de sodoku (fievre par morsure de 
rat). Bull soc med de hop de Par 40 1931, 1916 Un nouveau cas de sodoku 
Spirochetes a Texamen direct du sang, Bull et mem Soc med de boo de 
Par 42 616, 1918 
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(submucosa of eyelids, lips, nose and tongue, capsule of lymph glands 
and salivary glands , adventitia of large blood vessels , parenchymatous 
organs) None are present in the normal saliva, intestinal contents or 
bile They may appear in the urine 

That a streptothrix may be found m cases of rat bite fever was 
first demonstrated by Schottmuller, and later observed also by Blake, 
Tileston, Tunmclifif and Litterer The fact that m some of these cases 
arsphenamin was used with prompt cure makes it very likely that the 
streptothrix was not the specific cause, but only a secondary invader 
Recognizing the difficulties in finding the spirochete in blood smears, 
and also in obtaining positive animal inoculations when the blood and 
tissues are examined late in the disease or between paroxysms of fever, 
sometimes even during the attacks, one is not surprised at failure to 
find the spirochete m most cases of rat bite fever Also the ulcerative 
endocarditis, and degenerativ^e and infiltrative changes found in the 
organs in Blake’s fatal cases are not demonstrable in experimental rat 
bite fever in animals, and have not been found in the other necropsies 
done on rat bite fever victims I think that the specific action of 
arsphenamin, as found by Tileston, rules out the streptothrix as the 
cause of the disease in his cases 

SYMPTOMS 

A The Bite — The bite is usually a small punctiform area which 
heals readily in a few days, the time depending on its size It usually 
does not suppurate In some cases, however, necrosis of the skin and 
subcutaneous tissue with sloughing, followed by slight pigmentation, 
occurs Pus formation is due to secondary infection 

B Incubation Pei wd — The average length of the incubation period 
IS twelve days , it varies from five to thirty days A few cases have 
been reported with symptoms manifested in less than five days, and 
some months after the bite The latter cases were not controlled care- 
fully, and probably were incorrect In severe and prolonged cases, 
which seem to be more common after bites on the face or head, the 
incubation period is usually shorter than the average 

C Pi odi oniata — As a rule, within two weeks after the bite the 
patient complains of pain and heat in the bitten area, which is swollen, 
of a bluish red color and somewhat indurated The pain may become 
severe, being sharp or pulsating 

About the area of acute hyperemia may be a slight edema of the 
skin, giving a nng-hke appearance about the central bluish red indura- 
tion Sometimes the bite resembles closely an extra-genital primary 
lesion of syphilis Reddish streaks appear in the direction of the local 
lymph glands which soon become enlarged, tender, hard, but discrete 
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The patient begins to complain of headache, pains in the muscles of 
the back and extremities and malaise Soon the most constant symp- 
tom, the fever, appears 

D Pcvci — With the prodromal symptoms, inflammation of the 
bitten area, and lymphangitis and adenitis there usually occurs a sudden 
rise of temperature, from 102 to 105 F It is usheied in with severe 
chills, great pains in the limbs, and headache The pulse is rapid, full 
and soft The patient often complains of great thirst, nausea and 
vomiting and a feeling of anxiety The skin is pale, and the extremities 
are cold In severe cases hallucinations, and even delirium or coma 
may accompany a fatal outcome during the first paroxysm of fever 
The paroxysm usually lasts from three to six days, when it falls by 
crisis with profuse peispiration and great improvement in the condi- 
tion of the patient 

After an apyrexia of fiom two to six days another attack occurs 
In fatal cases the attacks may become more severe until death results 
As a rule, subsequent attacks become less severe and less fiequent 
until m a few months they disappear The average duration of the 
disease is two months However, Kitagawa and Mukoyama have seen 
a case with recurrences fifteen years after the first attacks, and 
Kusunoki states that one or two relapses per year occur for ten years 
after recovery from rat bite fevei The patients treated with arsphen- 
amin seem to be entirely free fiom recurrences 

The fever not infrequently shows irregularity At first it may be 
continuous or remittent Later the attacks are of shorter duration 
and do not reach as high On account of the variability of the fever, 
the cases may be classified into the following types 

1 Febrile form with exanthem 

(a) Intel mittent fever 

(b) Continuous fever 

2 Febrile form with nervous symptoms 

(a) Acute 

(b) Subacute 

3 Afebrile form with marked nervous symptoms 

4 Abortive form 


The paroxysms may vary from one severe fatal attack, or one mild 
pi obliged attack with continuous fever for as long as t-wenty days, to 
as many as thirty attacks The average is about from five to ten 
attacks They occur at least once a week at first As already men- 
tioned, they last from three to six days, to a day or less later in the 
course of the disease The inter\al also varies somewhat, averaging 
four days - - , 
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E Nervous Symptoms — Involvement of the nervous system occurs 
in most cases of rat bite fever There is usually severe headache, 
dizziness, ringing m the ears, blurring of vision, especially during the 
paroxysmal attacks of fever In the acute cases delirium or coma may 
develop Hemicrania, neuralgic pains and especially pains in the 
muscles of the extremities, mostly in the lower, occur Beginning 
with the first or second attack of fever the pain may be- generalized, 
and later remain localized in the lower extremities In some cases 
persistent neuralgic pains have been recorded for months or years 
Motor disturbances may develop in the form of paresis of the 
lower extremities, rarely the upper, and they may become very marked 
This usually disappears with recovery from the fever The tendon 
reflexes may be exaggerated, less often abolished Progressive atrophy 
of the extremities has been reported 

Sensor)'- changes occur in most severe cases, from paresthesias to 
complete anesthesia in some areas, mostly the extremities These 
usually last through the febrile period Hyperesthetic or hypoesthetic 
zones may be found in different parts of the body 

The febrile type, with acute nervous symptoms, is suggestive of the 
symptoms of rabies The patient complains of severe pain in the bite, 
dizziness, great anxiety, headache Dyspnea, rapid and small pulse, 
sensory and motor disturbances of the extremities, collapse, delirium or 
coma and even death may follow 

There is also a subacute form After the incubation period, with 
or without any exanthem, the patient complains of severe, persistent, 
muscular pains , there may be paralysis of the lower extremities, with 
loss of patellar reflexes The motor and sensory disturbances may 
be of long duration 

In the abortive type the patient may have only a few mild attacks 
of fever, the exanthem may be confined to the region of the bite, or it 
may be entirely absent There are vague general symptoms, malaise, 
headache, slight weakness Recovery is rapid, usually in a week or two 
F Skin Manifestations — The exanthem is rarely absent, as in the 
mild or abortive cases It usually makes its appearance with the first 
attack of fever and lasts several days, when it may disappear, leaving 
a slight pigmentation or desquamation With the recurrence of the 
fever the exanthem usually reappears, or new eruptions become visible 
Sometimes the rash is not visible until the second, third or later attack 
of fever 

It may affect the skin about the bite, or an extremitiy, or more 
frequently it appears on the face, neck, back, chest, abdomen and 
extremities and less often in the palms of the hands and on the soles 
of the feet A rash on the mucosa of the mouth has also been 
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described The rash is not symmetrical It begins as a macular erup- 
tion, red to blue red in color, varying in size from 5 mm to 10 cm , 
usually round or oval and well defined Later the spots become ele- 
vated , the center may be higher than the periphery and paler in color 
The color does not entirely disappear on pressure or only on deep 
pressure, which causes some pain The areas are slightly indurated 
In cases where the rash is localized near the bite or on the extrem- 
ity, large, bluish red, elevated, indurated areas appear, from a dime to 
the palm of the hand in size They often are distributed along the 
course of the lymphatics and over the enlarged lymph glands They 
are slightly painful on pressure 

Miyake has described an acute urticaria, which he states is very 
characteristic of the disease toward the end of its course It is spread 
over the entire body, often accompanied by fever It may be over- 
looked unless the patient is kept under observation until recovery is 
complete 

G Lymphatics — That the spirochete infection spreads at first by 
the lymphatics is indicated by the frequent occurrence of lymphangitis 
Reddish streaks are seen extending from the bite to the l)rmph nodes 
of the area These appear just before the first attack of fever and 
usually disappear entirely in a few days Then the local lymph glands 
become enlarged, sometimes reaching the size of a hen’s egg, though 
usually smaller than this After the first three or four attacks of fever 
the glands return almost to normal , in some cases they remain large 
throughout the disease, enlarging and becoming painful with each 
attack of fever 

The glands do not suppurate They are elastic, rather soft, and 
later become harder There is pain on pressure, and often consider- 
able tenderness The enlargement is usually confined to the regional 
glands, though the others may also become affected 

H Gash o-Inteshnal Tiact — The gastro-intestinal symptoms are 
not severe A white coated tongue, nausea and vomiting are not 
uncommon Constipation is more often present than diarrhea In a 
few cases severe dysphagia, almost resembling that of rabies, has 
been reported The appetite is usually poor during the acute attacks, 
but may return to normal between the paroxysms 
The liver and spleen are not, as a rule, enlarged 
I Gemto-Uuimy Tiacf — Evidence of nephritis is found in about 
10 per cent of the cases It may vary from an acute fatal parenchy- 
matous nephritis to a mild attack In the severe form there is a reduc- 
tion in the urinary excretion, albumen, casts and some red cells are 
present in the urine In other cases there is only a slight amount of 
albumen with few casts That the spirochete has a tendency to attack 
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the kidney is also shown by its presence there in large number in experi- 
mental animals after inoculation 

J Cti culation — The pulse usually varies with the height of the 
fever It is rapid and small There may be evidence of myocardial 
weakness, probably due to the toxemia as well as the secondary anemia 
In severe cases there may be palpitation of the heart, and a hemic 
murmur is often heard at the apex 

K Resptjatoiy Tiact — The respiratory system is little affected 
Slight bronchitis may develop In prolonged and fatal cases terminal 
pneumonia may occur The dyspnea in severe cases develops with the 
high fever, and may be toxic in origin 

PATHOLOGY 

Little IS known of the pathologic anatomy of this interesting dis- 
ease Miura"“ examined one case seventeen hours postmortem, and 
found only an increase in the amount of cerebrospinal fluid and hyper- 
emia of the pia mater There were no specific changes in the internal 
organs Histologic examinations were not made Blake’s case was a 
streptothnx septicemia, with localization of the streptothrix m the 
mitral valve, producing an acute endocarditis followed by infarct for- 
mation in kidney and spleen Subacute lesions of the parenchymatous 
organs also were present These degenerative and infiltrative changes 
have not been observed in experimental rat bite fever, nor m other 
postmortems in human cases, hence we are forced to conclude that 
they do not represent the picture of true uncomplicated rat bite fever 

In 1917 Kaneko and Okuda reported the findings m two cases 
There were parenchymatous changes in the organs In the kidney 
occurred hyperemia, swelling and degeneration of tubular epithelium 
They report the presence of spirochetes m the kidney, in the cortex of 
the suprarenal and in the interstitial cells of testis The liver presented 
fatty degeneration, necrosis chiefly in the centers of the lobules, hyper- 
emia and hemorrhage The local lymph nodes were hyperemic, with 
an inflammatory cellular hyperplasia, hemorrhages and erythrophago- 
cytosis Other lymph glands were swollen and hyperemic Catarrhal 
changes in the mucosa of the stomach and urinary bladder, congestion 
of the lungs, and hyperemia and edema of the meninges occurred Slight 
degeneration of muscle and nerve cells was found At the site of the 
bite cellular infiltration, edema and degeneration (acute exudative 
inflammation) appear There is frequently a lymphangitis extending 
from the bitten area to the lymph glands, shown by the presence of 
reddish streaks along the course of the lymph channels This is 
followed by the lymphadenitis already mentioned 


25 Miura and Ton 3 ama Tokjo med Ztschr 11 No 23, 1897 
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In experimental guinea-pigs Ishiuara and others found swelling 
of the bitten area and lymph glands, acute inflammatory changes m 
the kidneys, hyperemia and hemorrhages of the suprarenals, hyperemia 
of the lungs and catarrh of the mucosa of the stomach Ido=« has 
found similar changes in guinea-pigs infected by the bite of rats 
Futaki and his associates record swelling of the spleen, hyperemia, 
congestion and swelling of the liver, hemorrhages in kidneys and lungs 
of inoculated animals 

The blood changes hai e been reported by se\ eral w riters A leuko- 
cytosis occurs in most cases of rat bite fe\ er, most marked during the 
attacks of fever Jt usually reaches from 13 000 to 20,000 cells and 
vanes with the different attacks In most cases the count returns 
almost to nonnal between paroxysms The increase is often m the 
mononuclear cells, wduch ma}’^ reach from 35 to 40 per cent of the 
white count However, others ha\e reported a polymorphonuclear 
increase Eosinophils ha-ve been found by some to reach from 5 to 
15 per cent In the case reported by me we found a leukocyte count 
of 16,000 one month after the bite of the rat and during an attack of 
fever The differential count showed 80 per cent of polymorpho- 
nuclears, 4 per cent of eosinophils, the rest were mononuclears 
During the afebrile condition the wdiite blood count dropped to 9 600 
and rose again to 15,000 at the next attack- 

There is usuall} a reduction in the red blood count w ith the develop- 
ment of the w eakness and cachexia The red count in most cases exam- 
ined has been about four million, and the hemoglobin, proportionately 
reduced, about 80 per cent Later an advanced anemia may develop 
The Wassermann test is of interest because of the close relationship 
of Spirocheta morsiis inuns to die Spirocheta palbda Kitagawa and 
Mukoyama report a negatne Wassermann in their case, and quote 
Kunusaki, who found the Wassermann negatne in four of fiie cases 
of rat bite fever They also quote Inada as obtaining a negatn e Was- 
sermann in \\'eil s disease, a spirochete infection On the other hand, 
Costa and Troisier, and Maunac-* obtained positne W'assermann in 
their cases The Wassermann w as negatn e in the case reported by me 
It seems, therefore, that the Wassermann test is not to be depended on 
as an aid in the diagnosis of this disease In cases with a positive 
reaction, syphilis must, of course, be considered, as in the case reported 
b} Brennemann-® m a child wuth indications of congenital S3'philis, 
wdiose mother ga\ e a positive test 

26 Ido \ , Ito, H am H , and Okuda K Circulating ImmuniU Prin- 
ciples in Rat Bite Fe\er, J Exper M 26 377, 1917 

27 Mauriac P Rat Bite Disease, J de med de Bordeaux 89.93, 1918 

28 Brennemann. J A Case ot Rat Bite Fe\er, Surg Clin 2 433, 1918 
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DIAGNOSIS 

The diagnosis of rat bite fever is based on 

1 History of bite by rat or other animal 

2 Cardinal symptoms, of which one or more are usually present 

(a) Characteristic fever, usually relapsing 

(b) Exanthem 

(c) Muscular pains 

(d) Nervous symptoms 

(e) Lymphangitis and adenitis 

3 Demonstration of Spirochaeta moistis inu7is 

(a) In blood during febrile attack 

(b) In area of bite, skin lesions or enlarged lymph glands 

(c) Animal inoculation, preferably mouse in which spiro- 

chetes can be demonstrated m blood in from five 
to fourteen days, or guinea-pig, etc 

4 Therapeutic test — administration of arsphenamin 

In the differential diagnosis we must consider (1) erysipelas, (2) 
pyogenic infection (phlegmon or pyemia or septicemia) , (3) relapsing 
fever, (4) trench fever, (5) malaria, (6) syphilis, (7) erythema 
multi forme 

1 Eiystpelas — This disease can be differentiated by finding the 
streptococcus, absence of characteristic exanthem of rat bite fever, 
temperature curve , course of the disease 

2 Pyogenic Infection — In rat bite fever blood culture is negative , 
absence of suppuration in the bite, unless secondary infection occurs , 
characteristic fever , incubation period , eruption , history of bite 

3 Relapsing Fevei — Finding of spirochete of Obermeyer , number 
of attacks rarely more than three , short incubation period 

4 Ti ench Fevei — Spread by body louse , fever, relapsing or irregu- 
Jar, or continuous , sudden onset like influenza , nystagmus on extreme 
lateral rotation of eyeballs , enlarged spleen, harder than that in typhoid , 
macular rash , shin pains , painful joints without swelling, no laboratory 
diagnosis at present Caused by resistant filterable virus 

5 Malaiia — Blood examination {Plasmodium malaiiae) , thera- 
peutic test by use of quinin, enlarged spleen, endemic character of 
disease 

6 Syphilis — History of infection, examination of lesion for Spiio- 
cheta pallida, Wassermann test, clinical manifestations 

7 Eiythcnia — Symmetrical arrangement of lesions , absence of his- 
tory of external injur}^, recurrence of lesions, lesions of vivid color, 
often edematous, frequent association with rheumatism 
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PROGNOSIS 

The prognosis is usually favorable The mortality has been about 
10 per cent The outcome depends on the seventy of the disease 
Cachexia, edema, nephritis, or severe anemia are bad signs The 
patient is often incapacitated for a long time The disease is more 
serious in very young or old people A short incubation period fol- 
lowed by severe nervous manifestations usually indicates danger 
Death may occur during the first few attacks of fever from severe 
toxemia As already stated, attacks of fever may occur for years 
after the bite The average course of the disease is from two to three 
months With the use of arsphenamin the prognosis is very favorable, 
the symptoms usually disappearing after one or two injections No 
recurrences follow this treatment, as a rule 

TREATMENT 

Prophylactic treatment consists of immediate cauterization of the 
bitten area with fuming nitric acid The acid should be applied thor- 
oughly m the bite, incision being done if necessary Such treatment 
within an hour will usually prevent the disease and should be practiced 
in all animal bites The ancient Japanese tried numerous odd cures, 
such as the use of poultices of herbs, filling the wound with gunpowder 
and then exploding it, applying raw meat and feeding it to a cat Later 
reports have appeared in which quinin, lodid, salicylates and arsenic 
compounds by mouth were tried, but with no definite effect In 1912, 
Hata-'' reported the use of arsphenamin m eight cases with complete 
recovery and disappearance of all symptoms in all but one case Others 
have reported equally happy results One or two injections usually 
suffice The specific curative value of arsphenamin led Hata and others 
to suspect a spirochete as the cause of the disease Mercury also seems 
to have a definite curative value (Borelli^'’) Arsphenamin has been 
found to have a curative value in experimentally inoculated animals 
It should be given in all cases of rat bite fev er 

REPORT or CASE 

CASa — An American boy, 9 years of age, was first seen by Dr PA 
Gibbons, April 8, 1919 The history was as follows March 25 the patient 
w'as bitten on the right index finger by a large gray rat while playing near 
his father’s printing office He reached his hand dowm into a barrel when 
the rat caught his finger, and according to the patient did not release its hold 
until It was killed by a person attracted by the screams of the boy When 
the bov reached home the finger was painted with tincture of lodm After 


29 Hata, S Salvarsantherapie der Rattenbisskrankheit in Japan, Munchen 
med Wchnschr 59 854, 1912 

30 Borelli E Mercurial Treatment of Rat Bite Disease, Policlinico 25 
25 1918 
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the bite he made no complaint and the wound seemed to heal iiicelj On 
the fourteenth day he began to complain of pain m the finger and a btirn- 
mg sensation The finger had become reddened and swollen A physician 
•vvas then called He found the finger reddened, swollen, and at the site of tlie 
bite a slightly elevated blue red papule surrounded by a lighter edematous 
zone The finger was painful on pressure Examination revealed enlarge- 
ment of the l 3 'mph glands in the right axilla The supratrochlear glands were 
slightly enlarged The physician made an incision but no pus was found 
The area was swabbed with tincture of lodin The boy returned to school 
the following day Three days later (seventeen days after the bite) he com- 
plained of not feeling well, and the physician was again called and again 
incised the finger, finding very little pus The symptoms were drowsiness, 
weakness, headache, diarrhea and vomiting The gastric symptoms lasted for 
four days April 11 the temperature was 102 F The boy complained of 
chills and went to bed 

The patient was seen by me April 28 On this day his temperature was 
99 F He had suffered three attacks of fever, accompanied by severe headache, 
nausea and vomiting, pains in the back and extremities These occurred at 
intervals of six days and lasted two to three days During the third attack 
he became dizzy and fell He was then sent to bed 

Physical Examination — April 28 Patient was pale, rather thin and had 
an anxious look Temperature, 99 F , pulse, 90 The right index finger was 
bluish red, the color extending over the terminal phalanx It was swollen 
and somewhat indurated The incision had completely healed On the right 
forearm were several bluish red, slightly elevated, well defined areas or 
nodules varying in size from a quarter to one inch in diameter They were 
present on the flexor and extensor surface Between them could be seen 
very faint reddish streaks The supratrochlear glands were enlarged, mea- 
suring almost an inch in the greatest diameter They were somewhat elastic 
and painful when compressed The right axillary glands were also large, about 
the size of a walnut and not very hard On questioning the patient and 
mother I learned that the skin nodules had first been seen about three weeks 
after the bite A rash on the chest and abdomen was also reported to have 
been present The rest of the body presented no eruption at this time There 
was slight edema of the lower eyelids 
Heart and lungs Negative 

Abdomen Somewhat distended, suggesting slight ascites 
Liver The low'er edge was palpable along the free margin of the ribs, and 
flatness extended to the fifth interspace 
Spleen Not enlarged 

Lymph glands Right axillary glands enlarged, also supratrochlears Other 
glands normal 

Head and neck ^ Negative 

Extremities Negative, except for right arm already described 
Temperature 99 F , pulse, 90, respiration, normal 

Urine Amount, normal, acid, clear, specific gravity, 1025 Albumin 
trace Casts a number of hyaline and granular, no red blood cells 

Blood Examination April 28, 1919 Erythrocytes, 4,100,000, leukocytes, 
16,000 Differential count polymorphonuclears, 80 per cent , mononuclears, 
16 per cent , eosinophils, 4 per cent , hemoglobin (Sahli), 75 per cent 

Blood smears Smears of blood obtained by puncture of the lobe of the ear 
%\ere stained with Giemsa stain, Wright’s stain, Jenner’s stain and india ink 
April 29 when the temperature had dropped to 99 F All examinations were 
negative 

Blood cultures April 29, 10 cc of blood were drawn from the arm, and 
3 cc were placed in 200 cc each of plain bouillon and glucose bouillon, and 
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an equal amount m glucose agar (SO cc) for plating The cuUures were 
all negative aerobically Unfortunately pressure of other work prevented ani- 
mal inoculations at this time 

May 2 Temperature, 98 6 F Erythrocytes, 4,600,000, leukocytes, 9,600, 
polymorphonuclears, 70 per cent , mononuclears, 27 per cent , eosinophils, 3 
per cent Blood smears stained with Giemsa and Jenner stain were negative 

Patient feels much better, but complains of weakness and loss of appetite 
The skin nodules are much smaller and have almost disappeared The right 
axillary glands are still enlarged No rash is present on the body 

May 10 I was called to see the patient who had a severe chill and high 
fever on the evening of May 9 Temperature, 101 F , pulse, 100 The patient 
complained of nausea and severe headache The nodules on the right arm 
were somewhat larger than on May 2, and pressure on the right axillary 
glands caused pain 

Blood examination Erythrocytes, 4,400,000, leukocytes, 15,000, polymor- 
phomiclears, 75 per cent , mononuclears, 23 per cent , eosinophils, 2 per cent 

Blood smears stained with Giemsa and Jenner failed to show any spirochetes 
after prolonged search I inoculated two guinea-pigs with blood obtained 
from the left arm vein, using 3 c c intraperitoneally The animals remained 
well for four weeks and showed no signs of illness whatever 

June 25 The patient felt much better but tired quickly He complained 
of gastric disturbance The nodules on the right arm had entirely disappeared 
The right axillary glands were only slightly enlarged The edema about the 
eyes had disappeared The mother stated that the patient had lost about 
20 pounds during his illness From May 9 to June 25 the patient had two 
attacks of fever, but much less severe than the earlier attack and lasting only 
a day or two I advised the administration of neoarsphenamin intravenously 
The patient had been treated symptomatically and was given Fowler’s solution, 
from 3 to 6 drops, three times a day 

September 30 The patient felt well The glandular enlargement had dis- 
appeared, and the patient had been free from attacks since July 28, when his 
temperature rose to 101 F 

Blood examination erythrocytes, 4,800,000, leukocytes, 9,000, polymorpho- 
nuclears, 76 per cent , mononuclears, 22 per cent , eosinophils, 2 per cent 

SUMMARY or CASC 

A bov . aged 9 years, was bitten on the right index finger by a rat, which 
instead of escaping, had to be killed in order to release its hold The wound 
was shortly afterward painted with tincture of lodin and healed After a 
period of fourteen days, inflammation, edema and induration occurred, accom- 
panied by lymphangitis and lymphadenitis, and the appearance of a blue red 
exanthem There were also high fever and chills, and gastric disturbances 
This attack was followed by three others at intervals of about six days, each 
characterized by chills, fever, nausea, headache and pains in the extremities 
Reappearance of the exanthem with these attacks was noted There was 
marked lymphadenitis of the trochlear and axillary glands The spleen was 
not enlarged Slight nephritis existed Blood examination revealed a leu- 
kocytosis, which reappeared with subsequent febrile attacks and returned 
almost to normal between paroxysms Spirochetes or other organisms were 
not found in the peripheral blood, but the patient was not seen until thirty-four 
days after the bite Inoculation of two guinea-pigs with blood obtained forty- 
six days after the bite proved negative Cultures or animal inoculations were 
not obtained from the skin nodule or the local lymph glands Blood smears 
made from the ear failed to reveal anj spirochetes on several examinations, 
the first being made thirty-four days after the bite (twenty da>s after first 
paroxvsm) The subsequent historj reveals recurring attacks of fever at 
longer intervals, and less severe No attack has occurred in the last two months 
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The case is typical of rat bite fever, and of special interest because 
it calls attention to the presence of rats infected with the virus of the 
disease in this community A study of rats for the presence of Spiio- 
chcta moisus is now under way 

519 Front Street 
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THE PROTEIN AND LIPIN CONTENT OF BLOOD SERUM 

IN THE NEPHRITIDES 


MAX KAHN, MD, PhD 

NEW \ORK 

The changes that the blood undergoes in renal disease have of recent 
years received much attention, especially since the methods for exam- 
ination of small quantities of blood for the nonprotein nitrogen frac- 
tions have been very ingeniously improved by various Amencan 
scientists The estimation of functional capacity of the kidneys as 
well as the art of prognosis and diagnosis have been much aided by 
these investigations It is noteworthy, however, how comparatively 
slight IS the attention that has been paid to the protein and lipin 
fractions of the blood of nephritic patients 

The first reliable estimation of the serum proteins was made in 
1845 by Becquerel and Rodier, who reported that the total protein con- 
tent was lessened in cases of Bright’s disease, cardiac disease with 
edema and severe puerperal affections C Schmidt found the protein 
content much increased in cholera and diminished in nephritic indi- 
viduals 

In normal subjects, the ratio of serum albumin to serum globulin 
IS approximately from 1 5 to 2 0 1 It has been recorded by certain 
investigators that m chronic renal disease this ratio is markedly dis- 
turbed In Table 1 an attempt has been made to gather from the 
literature the conflicting results reported Mya and Viglezio sum- 
marized their findings as follows In disease the albumin globulin 
ratio IS much altered, the globulin increasing and the albumin diminish- 
ing These alterations vary directly with those which occur in transu- 
dations An increase of blood pressure increases the loss of albumin 
more than that of globulin The investigations of von Limbeck and 
Pick and of Joachim seem to indicate that there is no disturbance in 
the albumin globulin ratio that should be especially characteristic of 
nephritis Freund found that the globulin was reduced in nephritis 
In 1903, Erben reported that in chronic parenchymatous nephritis 
the globulin of the blood serum was much increased But this did not 
seem to impress Morawitz, who, critically reviewing the literature on 
the subject in 1909, stated that no pathologic significance need be 
attached to the albumin globulin ratio changes m cases of nephritis 
In this opinion, Ewing, ion Noorden and others seem to concur 
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TABLE 1 — Protein Estimations of Blood Serum by Various Authors 


Author 

Condition 

Albumin 

Globulin 

Hnmmarsten 

Normal 

4 52 

31 

Pateln 

Normal 

4 G3 

2 77 

V Limbeck and Pick 

Normal 

G 17-8 31 

1 09-3 83 

Bowc 

Normal 

6-G 

10-17 

Epstein 


4 GG2 

2,733 

300 

Estelle 

Chronic Bright’s disease 

6 44 


Chronic Bright’s disease 

3G 

18 

V Limbeck and Pick 

Chronic nephritis 

G8G 

314 


Chronic nephritis 

9 09 

0909 


Chronic nephritis 

6 05 

4 95 


Chronic nephritis 

714 

2 80 


Chronic nephritis 

G38 

3 02 


Chronic nephritis 

2 91 

7 09 


Chronic nephritis 

4 &1 

510 


Chronic nephritis 

G75 

3 25 


Mediastinal tumor 

0 41 

3 59 


Hepatic cirrhosis 

4 84 

510 


Pneumonia 

0 390 

3 001 


Pneumonia 

7 42 

2 68 


Typhoid 

016 

3 85 


Ecbrilc icterus 

0 61 

3 49 


Eebrile icterus 

8 28 

172 


Pleurisy 

2 00 

7 40 


Erysipelas 

0 21 

3 79 


Meningitis 

488 

612 


Cancer of uterus 

7 28 

2 72 


Cancer of ovary 

4 39 

6 61 


Diabetes melhtus 

5 50 

4 44 


Diabetes melhtus 

8 07 1 

1 33 


Diabetes mellitus 

8 32 

108 


Diabetes meJitus 

4 47 

5 53 


Diabetes melhtus 

4 01 

5 39 


Diabetes melhtus 

6 89 

411 


Chlorosis 

0 547 

3 453 

• 

Anemia 

617 

3 83 

Erbcn 

Subclironic nephritis 

0 042 

4 6317 


Chronic parenchymatous nephritis 

0 2593 

7 0352 


Contracted kidney 

2 9942 

2 6580 

Oloetta 

Eclampsia 

3 42-5 21 

180-2 31 

Joachim 

Chronic nephritis, uremia 

0 238 

3 701 


Chronic nephritis, uremia 

6 827 

4 072 


Cardiae disease 

6 407 

3 592 


Myocarditis 

5 332 

4 338 

Preund 

Pernicious anemia 


33% 


Bright’s disease 


25 to 33% 

Halliburton 

Acute infectious fevers 


Increased 

Ducceschi 

Thymectomy (dog) 




Before convulsions 

After convulsions 

Increased 

Increased 

Epstein 

Cardiac disease 

4 417 

2 240 

Chronic interstitial nephritis 

4 310 

2 390 


Chronic parcncliymatous nephritis 

0 460 

3 402 

Burckhardt, Wallerstein, Le 




winski, Githens 

Starvation 


Increased 

Meyer, Hurwitz and 'i’aussig 

Antitoxic immunity 


Increased 

Eowe 

Pneumonia 

37 

25 


Syphilis 

50 

26 


Chronic nephritis 

39 

2 4 


In 1912 and 1913, Epstein published three papers recording the 
results of chemical studies on blood seiums and puncture fluids He 
concluded that the globulins were increased m cardiac disease asso- 
ciated with decompensation and serous eftusions, in pulmonary and 
respiratory affections (inflammatory and noninflammatory), in dia- 
betes melhtus and in chronic parenchymatous nephritis So far as the 
last named disease is concerned, he definitely corroborated Erben’s 
results, obtaining figures for the albumin globulin ratio which indicate 
the maiked reduction of the albumin fraction and the enormous 
increase m globulin 
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Based on his findings in nine cases of parenchymatous nephritis, in 
which, besides the globulin increase, he also found a huge amount of 
cholesterol in the serum, Epstein propounded his theoiy of the etiology 
of certain cases of chronic parenchymatous nephritis and of the causa- 
tion of the edema in that disease According to him, there is a group 
among the cases of chronic parenchymatous nephritis which is due to 
a constitutional disorder — of a metabolic or endocrimc nature — in 
which the renal or other manifestations are concomitant or secondary 
in point of development and importance He does not, however, 
describe cases of chronic parenchymatous nephritis in which the protein 
or lipin fractions vary from the “metabolic” (sic) type, and which he 
should point out as “nonmetabohc” in nature 

He ascribes the edema to the following factor “The loss of protein 
incurred by the blood serum through the continuous albuminuria 
causes a decrease in the osmotic pressure of the blood, which fact 
favors the absorption or imbibition and retention of the fluid by the 
tissues ” The marked increase in the lipin content in these cases is 
taken as an evidence of the metabolic derangement of the organism, 
and to it IS also ascribed some responsibility for the edema On these 
findings, Epstein recommends for such patients a diet rich in proteins 
and poor in fats 

The theory of Epstein has points that are very appealing to the 
clinician who will venture anything to help his patient who has chronic 
edema In practice, however, that group of which Epstein speaks, 
seems to be very rare Of sixteen cases ol chroiiic parenchymatous 
nephritis with marked edema and of seven with only slight edema, I 
have not found a single case which should have the marked protein 
and lipin deviations indicated by Epstein, or which should be benefited 
(in four of the cases in which the attempt was made) by a high pro- 
tein fat poor diet 

In the examination of the patients, the blood was drawn before 
breakfast, and the blood serum was examined for the proteins by the 
method described by Morawitz The cholesterol was determined by 
the method of Autenrieth and Funk as described by Hawk 


TABLE 2 — Serum Analysis of Normal Human Beings 


Case 

Total 

Protein 

Albumin 

Globulin 

Globulin, 
per Cent 

Obolesterol, 
Mg per 100 Oc 

1 

8 47 

5 43 

3 07 

35 

105 

2 

790 

4 69 

3 21 


147 

3 

6 76 

4 39 

2 37 

35 

139 

4 

7 20 

4 95 

2 25 

31 

148 
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TABLE 3 — ScRUii Analysis in Acute and Chronic Interstitial Nephritis 


Cnso 

Total 

Protein 

Albumin 

Globulin 

Globulin, 
per Cent | 

Cholesterol, 
Mr per 100 C c 

Acute 

Ncplirltls 

1 

5 80 

3 02 

i 

2 24 

i 

i 

3S : 

157 

2 

715 

4 37 

2 78 

38 

102 

3 

0 70 

4 14 

2 05 

39 

1 139 

i 

7 90 

4 25 

, 3 71 

40 

165 

S 

7 70 

3 96 ' 

3 80 

48 

167 

C, 

1 7 05 1 

4 73 1 

292 

38 

100 

Clironlc 
Intcrstltinl 
Ncplirltis 1 
7 

1 

^ 807 

1 

A SO 

3 78 

43 

1 

220 

8 

1 7 42 

4 37 1 

2 03 

41 

1 180 

0 ! 

' 7 00 

4 44 

2 02 

37 

1 175 

10 

0 53 

388 

2 03 

40 

1 104 

n 1 

7 07 

4 32 

2 75 

38 

210 

12 1 

1 SCO 

5 73 ' 

' 2 93 

34 

' 193 

13 ! 

7 53 

480 1 

> 2 67 

35 

1 139 

14 

7 74 

4 59 j 

315 

40 

148 


TABLE 4 — Serum Analyses in Cases of Chronic Parenchymatous 

Nephritis 


Case . 

Total 

Protein 

Albumin 

Globulin 

Globulin, 
per Cent 

Cholesterol, 
Mg per 100 C c 

1 

0 00 

3 72 


38 

155 

0 

7 42 

4 75 


30 

174 

3 

0 78 

4 41 


35 

183 

4 

4 24 

2 93 


81 

194 

5 

590 

3 72 

218 

37 

107 

0 

5 81 

3 37 

2 44 

42 

139 

7 

5 58 

3 41 

217 

39 

225 

8 

700 

4 26 

3 34 

44 

184 

9 

5 70 

3 75 

2 01 

35 

187 

10 

5 73 

384 

189 

33 

173 

11 

0 09 

4 14 

195 

32 

275 

12 

610 

3 76 

2 40 

39 

210 

13 

0 74 

398 

2 70 

41 

274 

14 

0 75 

4 05 

2 70 

40 

139 

15 

713 

414 

2 89 

42 

104 

10 

0 82 

4 37 

2 45 

30 

144 

17 

0 41 

4 17 

2 24 

35 

153 

18 

733 

4 02 

271 

37 

149 

19 

5 72 

3 95 

177 

31 

102 

20 

7 73 

4 72 

3 01 

39 

160 

21 

Odl 

3 87 

217 

30 

150 

22 

0 03 

3 98 

205 

34 

105 

23 

6 47 

4 27 

2 20 

34 

172 


TABLE 5 — Serum Analyses in Other Diseases 


Case 

Diagnosis 

Total 

Protein 

Albu- 

min 

1 

Glob 

ulin 

Glob 
ulin, 1 
per j 
Cent 

Cholcs 
terol, 
Mg per 
[ lOOOc 

1 

Plcurlsj ivith effusion 

6 40 ' 

4 10 

2 24 

35 

i 175 

2 

Plcurisynith effusion 

7 48 

4 19 

3 29 

44 

220 

3 

Plcurisj vrith effusion 

7 85 1 

1 4 32 

3 53 

45 

185 

4 

PIcurisj ■with effusion 

6 95 

j 417 

2 78 

40 

147 

5 

Portal obstruction 

7 07 1 

1 4 10 

2 97 

42 

239 

0 

Portal obstruction 

069 j 

4 22 

2 47 

37 

220 

7 

Cardiac disease ■with edema 

717 i 

416 

3 01 

42 

1 194 

8 

Cardiac disease ■with edema 

0 09 1 

3 95 

2 74 

41 ' 

i 148 

9 

Cardiac disease ■with edema 

6 86 

4 12 

2 74 

40 

1 220 

10 

Diabetes 

6 82 

416 

2 66 ’ 

39 

183 

11 

Diabetes 

762 

4 42 j 

3 20 

42 

1 138 

12 

Diabetes 

6 69 

3 05 ! 

i 

2 74 1 

1 

41 

195 
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Without going into any painstaking argumentation, it will be seen 
that there is no protein change in the condition of chronic parenchy- 
matous nephritis which is characteristic of that disease and which does 
not occur in the other types of the nephritides and in other diseases 
The cases of so-called nephrosis which Epstein describes must be very 
rare, and it is possible that he has culled the instances which he reports 
from an extremely large number of cases of chronic parenchymatous 
nephritis in which the albumin globulin ratio in the serum is not 
markedly disturbed If so, he fails to mention how rare these 
nephrosis cases are, and he fails to record his results with cases of 
chronic parenchymatous nephritis that are not in the so-called 
“metabolic or endocrinic” group ^ Several years ago," I had the privi- 
lege of studying a patient who was suffering from nonparasitic chyluria, 
whose blood contained 320 mm of cholesterol The urine contained 
very much albumin and fat On feeding this patient on a diet poor 
in fat, we were able to reduce the fat m the unne very markedly, and . 

also to dimmish somewhat the protein excretion Is Jt.^Q^^Ale that 

this was a type of case that Epstein describes, in whom the constauu 
excretion of huge amounts of lipms so irritated the kidney epithelium 
as to induce the marked albumin excretion'^ 

On feeding patients suffering with chronic parenchymatous nephri- 
tis a diet of whites of eggs, skimmed milk, peas and lean meat for 
several days it was observed (Table 6) that the albumin globulin ratio 
was not affected, though there was some increase in the total protein of 
the blood serum The edema, however, did not diminish in the slightest 
degree 


TABLE 6 — Effect of Feeding a Protein Rich Diet in Cases of Chronic 

PaRENCHT AIATOUS Nephritis 


Case j 

Period 

Total 
Protein 1 

1 

1 Albumin 

1 «> j 

Globulin j 

Globulin, 
per Cent 

4 1 

Before ! 

4 24 1 

2 93 ! 

131 1 

31 


After 

5 27 

3 59 

1 08 

32 

8 

Before 

7C0 1 

4 26 

3 34 

44 


After 

7 75 

4 50 

325 

42 

9 

Before 

576 

3 75 

2 01 

35 

1 

After 

012 

392 

2 20 

36 

U ' 

Before 

609 

4 14 

195 

32 

1 

After 

I 

6 37 

4 46 

1 1»1 j 

SO 


It has been pointed out by Kerr, Hurwitz and Whipple that “there 
is a remarkable stability of the blood serum protein level in widely 
larying conditions of health and disease” Feeding of protein seems 
not to affect to any extent the serum protein content Bohme and 
Reiss have shown, by the refractometer, that the concentration of 

1 A personal inquir} directed to Dr Epstein regarding these points remained 
unansv ercd 

2 Kahn and Sanes Arch Int Med 17 181 (Feh ) 1916 
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serum protein is only slight!} changed after a large meal this change 
follo^Mng no rule, being either an increase or a decrease (Rone) 
The results of Rone show that “after four days of high protein diet 
there is, on the average, a slight increase in the total protein': [with] 
no definite division of this increase between the albumin and the 
globulin fractions ” 

So far as the cholesterol content of the serum is concerned, one 
can onh sa} that while, m general, there is an increase of this lipm m 
the blood serum m cases of chronic parenchymatous nephritis, this is 
b) no means a universal rule It must also be observed that the cho- 
lesterol content is increased in certain other conditions, as, for example, 
in chronic interstitial nephntis. in diseases vvnth serous effusions (at 
times), and in certain metabolic derangements 

CONCLUSIONS 

1 In the senes of cases investigated, I did not find one case of tlie 
‘:o-called “metabolic or endocrinic” t}pe of chronic parenchymatous 
nephritis as reported by Epstein 

2 Tjie albumin globulin ratio does not seem to be markedly dis- 
turbed bv various diseases 

3 Feeding of patients suffering with chronic parench} matous 
nephntis on a protein nch fat poor diet is a rather nskv' undertaking ® 

140 west 69th Street 
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A STUDY OF THE COLLOIDAL GOLD REACTION AND 
ITS CLINICAL INTERPRETATION =■ 

MARGARET WARWICK, MD, and CHARLES E NIXON, MD 

MINNEAPOLIS 


It was not until 1912 that Lange first presented the colloidal gold 
spinal fluid reaction which has since home his name as well as the 
more common term, "gold-sol” reaction In the comparatnely short 
time which has elapsed since its advent, there has grown up on the 
subject a voluminous literature which has served to give the reaction 
a definite and well deserved place among the tests used as aids in the 
diagnosis of aftections of the cential nervous S 3 fstem Further elucida- 
tion or discussion of the test may serve not so much foi its justifica- 
tion as for a wider interpretation and broader understanding of this 
reaction and its relation to clinical symptoms The best conditions 
for undertaking such a study mil obtain, not in an insane hospital, 
dealing with mental cases alone, or even m a pure neurologic clinic, 
but m a general teaching hospital where all classes of cases are studied 
carefully from both laborator}'- and clinical points of \iew In this 
manner an early diagnosis can often be made on patients admitted for 
other complaints, before the subjective symptoms aie sufficiently 
de\ eloped to send them to nervous and mental specialists or to insane 
hospitals In the medical department of the University Hospital 
routine spinal punctures aie done, not only on the ner\ous and mental 
patients, but also in any cases showing signs of syphilis or m \\hich a 
definite diagnosis cannot be made Therefore, with this material at 
hand, there was undertaken a studj' of the colloidal gold reaction, con- 
sisting of the technic of the test, a resume of previous literature and 
an interpretation of the "cur\es” based on these clinical and laboiatory 
data 

First of all, m the study of any test, one must consider the allied 
reactions" For globulin the Nonne test uas most commonly used 
This IS done by mixing equal parts of supersaturated ammonium sul- 
phate solution and spinal fluid A uliite cloud or opalescence appear- 
ing in three minutes means an increase of globulin In common with 


oi palliolog) and neurolo-N Unner=;.U of Minnesota 
J TJie Uassennann (ects Mere done in the department of bacteriolosrv' under 

!iAnrof’'„r 
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Lee- and Hinton* we have had difficulty with this reaction, first due 
to hyposaturation, and later to an accidental substitution of magnesium 
for ammonium sulphate Following the correction of these errors the 
test has been very satisfactory More recently the Ross-Jones^ ring 
test, a modification of the Nonne,'^ has also been employed This con- 
sists of layering 1 c c of spinal fluid on 1 or 2 c c of a supersaturated 
solution of ammonium sulphate A white or gray ring marking the 
point of contact of the two fluids constitutes a positive reaction This 
has proved m our hands to be the most satisfactory globulin test It 
is sharp, clear cut, easily read, and not often confused with a slightly 
opaque containing tube as is the Nonne For some fime the Pandy® 
reaction was employed in conjunction with the others, but was found 
to have no advantage over the Ross- Jones test, except that smaller 
amounts of spinal fluid might be used, and it has the disadvantage of 
being so sensitive that apparently positive results are fiequently 
obtained, unconfirmed by other positive tests Its technic consists of 
dropping one drop of spinal fluid into 1 or 2 c c of a saturated solution 
of phenol The immediate appearance of a bluish white cloud signifies 
an increased globulin content 

For the cell count Alzheimer’s method was not deemed feasible 
Consisting as it does of celloidm embedding and sectioning of the 
cenrrifuged cells, it is of value only as a means of careful study and 
difterential count of the individual cells, and is absolutely useless for 
a total count From the point of view of both labor and time involved 
it IS impractical for the routine laboratory worker The method used 
in our laboratory is that described by Swift and Ellis® m which an 
ordinary counting chamber and pipet, such as is used for the counting 
of leukocytes, was employed The diluting fluid consists of 10 per 
cent acetic acid with about 1 per cent of methyl violet to stain the 
leukocytes to distinguish them from the erythrocytes, and to make a 
differential count possible in the same preparation This stiength of 
acetic acid is sufficient to hemolyze the majority of the erythrocytes 
vhich may be present The diluting fluid is drawn to the mark 1, then 
the spinal fluid is drawn to the mark 11, thus giving a very low dilu- 

2 Lee A Simple Procedure for the Preparation of Colloidal Gold for 

Diagnostic Purposes, Am J M Sc 155 404, 1918 ' 

3 Lee and Hinton A Critical Study of Lange’s Colloidal Gold Reaction 
in Cerebrospinal Fluid, Am J M Sc 148 33, 1914 

4 Ross On the Use of Certain New Chemical Tests in the Diagnosis of 
General Paralysis and Tabes, Brit M J 1 1111, 1909 

5 Nonne Syphilis und Nervensystem, Ed 2, 105 Berlin, 1909 

6 Pandy Ueber eine neue Eweissprobe fur die Cerebrospinalflussigkeit, 
Neurol Centralbl 29 915, 1910 

7 Alzheimer Einige Methoden zur Fixierung der zelligen Elemente der 
Cerebrospinalflussigkeit, Centralbl f Nervenh u Psychiat 6 15, 1907 

S Svift and Ellis Cerebrospinal Fluid in Syphilis, J Exp M 18 162, 1913 
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*'’.4 for tr c c lul.C” In other votes *' c use the lo'^o'* ire eq jat or 
‘he - uon'o' of cd's in the n.hoic fida dc ng rcp-csentca bv X* 

X 10,9 X iO/9 = iOO/SlX. or roaghX, 1 l/fX 
Tre Fucns-Rosc^thar chamber has no ad- artage over the one men- 
t o''cCi abOvC and is not as desirable for the ordinary' laboratory as it 
cannot be ased for other purposes Ail ceh counts done by us vrere 
macc as soon as possible after the puncture •'’.as done, but the error 
on staro ng is not as great as is generally supposed Our enperience 
has been tnat :f the fluid be v.-ell shaken each time the count v.nu 
rerram the same for from S'x to e'ght hours Without the shaking 
hov.e-.er espedaU’ if the pipet be hllea from the bottom of the tube 
the count rises slov h po'nting to the fact that the cells readily smk 
to tlie bottom rati’er than cling to the skies of their containing tube, as 
suggested by Sivift and ElLs 

But It IS in the preparation of the colloidal gold solut on that e ery 
iaboratoin v. orker. v.hether amateur or expenenced comes to gnef 
sooner or later Most authors agree that a constant standard solution 
can-ot ah’-ays be mace and that skill consists in abiilrr to recognize 
and remedy the fauir' soluu'on After months of success one Is some- 
t-m.cs suedenb' confrontea b}* a so-called ‘ protected solution or miore 
rare' ' a hyperactive solution v hicn gives the right curce but procuces 
it mth unusual rapidit}* and exaggerated color c'"'anges Hovei.er, 
there are almiost as man_ suggestions for improvemert of the method 
as tre-e are vrriters on the su'oject G’aser-'' being the exception in 
'oeLc’.nrg that it couid ne*. er be made satisfactory- Ls.~ge '* E eke *' 
G-u’ce and Mcody Jaeger and Goldste.n *- Kaplan and Z.IcQelland 


9 I’wCi's z’~c Rcscrina.i Pngs ka’isanchemiscre zg-ok'g’ sere u-c arce"- 
-etcc Un‘c'-s.-c-’n'*cen ccr Ce-ebrcsomairlsslcke-t. ".Pen. r-ec Presse 14* 
2135 22-12 2193, 19Z^ 
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11 Large Die .kusncckin-g oLa ca’en Gcldes curen Cerebrasg.ralfilss-g- 
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V.'crnscr'. 60:2715 1913 

13 G-u'ce arc Ifccc:'. Large’s Gc'c Cn'c-iCc Test cn tre Ce'ebrc spinal 
E_ d n- Cengen ta^ Lnes J A. IL A- 61:15 {Ju-”2j 1913 Gm’ee and ICccc-" 
ize Lange Gc’a ChiC"’ce React an cn tre Ce'eb'asp’nal FIXd c: Infants a'^c 
benrg Oidc-er .km. J Ds Cr'lc. 9*17 (Jan.) 1915 
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Flesch/® Lee and Hmton,® Miller and Levy/’^ Eslaichen Hammes^® 
and Felton,-® Harvey,-^ Kolmer,-^ Flulbert,^^ Speidel and Smith-'* all 
advocate their own methods or modifications which they find satis- 
factory All authors agree, however, on certain essentials for a suc- 
cessful solution These are (1) perfectly clean, hard Jena glasswaie, 
(2) water freshly double — or preferably triple — distilled in a glass 
still having no rubber connections, (3) chemically pure reagents, dis- 
sohed in the water mentioned above The methods suggested for 
cleaning the glassware are many and include boiling with strong soap 
and Avater, Avashmg Avith potassium bichromate or aqua regia, and 
folloAved by thorough rinsing in tap Avatei Our most satisfactory 
results have been obtained by rinsing all glass utensils Avith equal parts 
of concentrated hydrochloric and nitric acids, taking care that no small 
area on the inner surface escapes the process They are then placed 
under running tap Avater until all the acid is removed This is then 
folloAved by a rinsing Avith, first, ordinary distilled Avater, and then 
AA ith distilled spring Avater If this procedure is carried out on 
ncAv glassAvare it need not be repeated as long as the utensils are 
reserAed for this use only, as simply rinsing them in distilled spnng 
AAater cleanses them sufficiently for use During the past feAv months 
Jena glass has not been obtainable, but American made glass has served 
as Avell 

For the preparation of the reagent, 2,000 c c flasks, either the 
Erlenmejer or round bottomed are found to be more satisfactory and 
more easily handled than beakers In addition one needs one 10 c c 
pipet graduated mice and alee pipet graduated in %o c c In our 
experience the distilling of the Avater is the most important factor 
determining success or failure in making the solution Any of the 
reagents if dissohed in improperly distilled water aviII spoil any 
solution for Avhich they are used CAen if the bulk of the Avater be 

16 Flesch Die Untersuchung des Liquor cerebrospinalis mit kolloidalen 
Goldlosung, Ztschr f d ges Neurol u Psychiat 26 318 1914 

17 Miller and Levy The Colloidal Gold Reaction in Cerebrospinal Fluid, 
Bull Johns Hopkins Hosp 25 133, 1914 

18 Eskuchen Die funfte Reaktion, Ztschr f d ges Neurol u Psj'chiat 
25 486, 1914 

19 Hammes The Comparative Value of the Wassermann, the Colloidal 
Gold and Other Spinal Fluid Tests, Am J M Sc 154 625, 1917 

20 Felton Cerebrospinal Fluid and the Colloidal Gold Test, New York 
M J 105 1170, 1917 

21 Harvey The Colloidal Gold Test in Diagnosis, California State T M 
16 170, 1918 

22 Kolmer Infection, Immunitj and Serum Therapj, Ed 2, 1917, p 437 

23 Hulbert Technical Improvement in Lange’s Colloidal Gold Test, J 
Mich M S 15 30, 1916 

24 Speidel and Smith The Preparation of Colloidal Gold, U S Nav M 
Bull 12 220 1918 
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satisfactory Frequent distillations of our tap water failed to give 
water which would produce a proper solution, probably because of 
the chlorites added for the purpose of purification, which allowed 
volatile chlorin to come over into each freshly distilled solution On 
the other hand, single distillation of spring water sold for drinking 
purposes gave perfect lesults All of the difficulties of preparation 
(usually resulting in the so-called “protected” solution) in our labora- 
tory have been traceable directly to the water A similar idea as to 
the importance of properly distilled water is held by Black, Rosenberg 
and McBride, “ but m addition they also place great stress on slow 
regular heating, while m our hands the mode of heating was found 
to be of little significance, the use of one small Bunsen flame giving 
just as satisfactory results as a powerful three-flame burner oi the 
two used alternately on the same solution 

All solutions of our reagents were kept m stock, and were made 
from Merck products and distilled spring water The only method 
ever employed here is that of Millei, Brush, Hammers and Felton^® 
One thousand c c of distilled spring water was heated slowly in a 
2,000 c c flask to 50 C , then rapidly to 60 C , when 10 c c of a 1 per 
cent solution of gold chlorid and 7 c c of a 2 per cent solution of 
potassium carbonate were added At 80 C , 10 drops of a 1 per cent 
solution of oxalic acid were added At 90 C the flask was removed 
from the flame and slowly, drop by drop, 5 c c of a 1 per cent solu- 
tion of liquor formaldehydi was put in The flask was then shaken 
until there appeared a pink color, slowly changing to a violet and then 
to a deep dark red, clear to both direct and transmitted light, and 
occasionally with a slight golden shimmer In addition to having the 
proper color, this solution, when set up in the oidinaiy manner, must 
also remain unchanged when run with a known normal spinal fluid, 
give a typical curve with a known paretic fluid, 5 cc of it must be 
completely precipitated in one hour by 1 7 c c of 1 per cent solution 
of sodium chlorid, and, most important of all, must be neutral to a 
1 per cent solution of alizarin red in 50 per cent alcohol The labora- 
tory worker of today is deeply indebted to Miller and his associates 
for working out the method of determining the reaction of the solution 
and making it possible to correct each faulty one instead of frequently 
discarding large amounts 

The technic for testing the neutrality of the solution is very simple 
To 5 c c of the solution m a test tube are added 2 or 3 drops of alizarin 

25 Black, Rosenberg and McBride The Colloidal Gold Test, JAMA 
69-1855 (Dec 1) 1917 

26 Miller, Brush, Hammers and Felton A Further Study of the Diag- 
nostic Value of the Colloidal Gold Reaction Together with a Method for the 
Preparation of the Reagent Bull Johns Hopkins Hosp 26 391 1915 
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red as indicator From this it is determined whether an acid or an 
alkali IS needed to bring it to the neutral point Ten clean test tubes 
are set up in a rack, and to each is added 1 c c of distilled spring water 
To the first tube is added 1 c c of fiftieth normal hydrochloric acid 
or sodium hydroxid, as the case may be, thus giving 0 5 c c hydro- 
chloric acid or sodium hydroxid From this first tube 1 c c is trans- 
ferred to the 1 c c of water in the second tube, giving 0 25 c c of the 
acid or alkali, and so on until the tenth tube contains only 0 0009765625 
c c of the acid or alkali Then, to each tube are added two drops of 
alizarin red and 5 c c of colloidal gold The color changes from 
canary yellow in the acid, brownish red in the neutral, deep dark red 
in the faintly alkaline, to a deep purple in the strongly alkaline solu- 
tion The tube showing the most typical brownish red is selected as 
the neutral , the amount of acid or alkali in that tube is divided by five 
to determine the amount necessary to neutralize 1 c c , this is multiplied 
by the number of cubic centimeters to be corrected and the resulting 
amount of the fiftieth normal hydrochloric acid or sodium hydroxid 
added to the solution, which is then ready for use The only point 
which may prove confusing to the amateur is the fact, not made clear 
in the literature, that a deep dark red with a purplish tinge in the 
upper layers when shaken, as well as the deep purple, is a definite 
sign of an alkaline solution, and that no red without a definite 
brownish tinge should be regarded as neutral 

Craig^' suggests placing 10 c c of colloidal gold solution and from 
three to four drops of the indicator in a glass beaker and titrating with 
the acid or alkali until the neutral point is reached But with such a 
confusing play of reds, browns and purples merging into each other 
it IS practically impossible to recognize and stop at the neutral point, 
while in the method given above one may observe side by side the 
different color shades as brought about by the various dilutions and 
get a much more clear cut picture of the neutral point 

After a satisfactory solution is once obtained, it appears to be very 
stable, and if kept corked in a dark cupboard will remain satisfactory 
for months The fine black precipitate or even the surface mold 
which occasionally appears in warm Aveather will not interfere with 
the reaction 

A so-called “protected” solution, reacting neither to 1 per cent 
sodium chlorid nor to a knoAvn positive fluid, is usually alkaline 
Felton-® considers that such a solution is due to an unusually wide 
distribution of the colloidal particles from slow or irregular heating 
We have found correct the observation of Craig that alkaline solutions 
are inert with a positive spinal fluid, slightly acid solutions will react 


27 Craig The Wassermann Test, 1918, p 213 
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as usual with paretic fluids, but with normal fluids will also give a 
curve similar to that of syphilis, while a strongly acid solution will 
give very little reaction with a positive fluid, but will show an abnormal 
reaction with normal fluids Therefore, we agree with the majority 
of authors that a neutral solution is of the most vital importance 
Moody^® with ordinary precautions always obtains a neutral solution 
Lee,2 m contradistinction to practically all other observers, prepares 
his solutions with ordinary distilled water with no regard to age or 
method, uses only ordinary laboratory cleansing methods for his glass- 
ware, adds all reagents, except liquor formaldehydi, at once, pays no 
attention to neutrality, yet claims perfect results with all his solutions 
But in our hands, as with most workers, a much more refined and 
careful technic seems necessary for satisfactory solutions and reactions 
The technic of setting up the test is very simple Eleven clean 
test tubes are set up in a rack and to each is added Icc ofa04 per 
cent sodium chlorid solution In the first tube is placed in addition 
0 8 c c of the salt and 0 2 c c of spinal fluid, making 2 c c of a 1 10 
dilution From this tube 1 c c is removed and added to the 1 c c of 
salt in the second tube, making a dilution of 1 20 This is continued 
to the tenth tube which has a dilution of 1 5,120 and the last 1 c c of 
this dilution is discarded Then add to each tube 5 c c of the colloidal 
gold solution and shake the tube well to facilitate mixture The 
eleventh tube, therefore, contains only sodium chloiid and colloidal 
gold and serves as a control The 4 pei cent sodium chlorid may be 
kept as a stock solution instead of diluting a 10 per cent solution each 
time, as given in Lange’s early technic We have also found that this 
solution will prove just as satisfactory made up with ordinary distilled 
water as with double or triple distilled water 

A positive reaction, if present at all, begins to appear at once and 
then intensifies for several hours, being complete in from eight to 
twelve hours As Solomon and Welles^'* have mentioned, all syphilitic 
curves appear the same at first with a “paretic” one developing later, 
and are only complete after twelve hours, so that if read too early a 
paretic curve may be confused with a syphilitic one Qn the other 
hand, a test showing no beginning color changes at the end of one-half 
hour may as well be discarded, as none will appear later For our 
readings we designate an unchanged fluid as 0 , a bluish red as 1 , a 
reddish blue as 2 , a deep blue as 3 , a gray blue as 4, and colorless as 5 

28 Moody Discussion, New York M J 105 1170 , 1917 

29 Solomon and Welles Varieties of Gold Sol Test in Several Loci of 
the Cerebrospinal Fluid System, Boston M & S 172 625 , 1915 , The Develop- 
ment of the Gold Sol Paretic Reaction as Compared with the Cerebrospinal 
Meningitis Type Considered from the Time Necessary to Form a Complete 
Reaction, ibid 174 50 , 1916 , On the Value of the Gold Sol Test in Cerebro- 
spinal Fluid Obtained Postmortem, ibid 172 398 , 1915 
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Because of the peculiar shades all readings must be done with direct 
daylight, holding the tubes up against the slc}^ instead of against green 
grass or colored buildings 

The so-called typical “paretic” curve shows the first few tubes 
completely precipitated, giving a colorless solution, while lesser 
changes may appear in the remaining ones, e g , 5555543000 The 
syphilitic curve shows the first one or two tubes unchanged with the 
maximum color change (which is usually 3, seldom beyond 4) in the 
fourth or fifth tube, as 0023311000 This includes the curves of both 
tabes and cerebrospinal syphilis, as this reaction does not differentiate 
between them The so-called “meningitic” curve which does not 
distinguish between different types of meningitis or myelitis is desig- 
nated by the early writers as “verschiebung nach oben,” and consists 
of a curve showing color change m the right half of the tubes with 
the maximum reaction in the seventh or eighth, as 0000013310 
Because of the possible nonsyphihtic causes, such as multiple sclerosis, 
of these zonal reactions, Felton and Maxy make the timely sugges- 
tion of designating these zones by roman numerals rather than by 
terms such as “paretic” or “syphilitic” curves Thus, they call tubes 
vith a maximum reaction and complete precipitation of from 1 10 
to 1 160, zone I , those showing a reaction up to 4 and including dilu- 
tions of from 1 40 to 1 160 as zone II, and those showing the maxi- 
mum color change beyond 1 160 as zone III 

It IS of interest to note the attitude toward this reaction of the 
authors who employed it during the trial period Lange concluded 
that the test was of importance m early diagnosis leading to early 
treatment, thereby preventing or modifying severe syphilitic and 
“metasyphilitic” diseases of the central nervous system Jaeger and 
Goldstein obtained charactertistic curves m 100 per cent of cases of 
cerebrospinal syphilis and paresis Swift and Ellis, among the earlier 
workers in this country, used it in a few cases and concluded that it 
was no more delicate than the Noguchi butyric acid test Glasor felt 
that it was of no practical value because of the difficulty in preparing 
a satisfactory reagent Kafka^^ found difficulty in differentiating 
between cerebrospinal syphilis and paresis, but still considered it the 
most important of all spinal fluid tests Sippy and Moody®" found it 

30 Felton and Maxy The Colloidal Gold Reaction in the Cerebrospinal 
Fluid in Acute Poliomyelitis, J A M A 68 752 (March 10) 1917 

31 Kafka Ueber die Bedeutung der Goldsolreaktion der Spinalflussigkeit 
zur Erkennung der Lues des Zentralnervensystems, Dermat Wchnschr 58 
52, 1914 Kafka Ueber den heutigen Stand der Liquor diagnostic, Munchen . 
med Wchnschr 62 105, 1915 

32 Sippy and Moody The Colloidal Gold Reaction in the Diagnosis of 
S 5 'philitic and Other Lesions of the Central Nervous System, Trans Assn Am 
Phj’sicians 28 720 1913 
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more sensitive and more exact than the Wassermann test and of espe- 
cial \alue in differentiating between the ^arlOus syphilitic diseases 
Eicke noted a parallelism between the colloidal gold cur\ e and lympho- 
cytosis Eskuchen found it to be of decided value not only in con- 
junction with other tests, but also independently Solomon and 
Koefod^® considered it of great value as a diagnostic aid, but thought 
a “syphilitic curve” did not indicate syphilis unless supported by a 
positive Wassermann test Weston, Darling and Newcomb^* consid- 
ered the reaction a valuable addition to the Wassermann test, but 
found a few nonsyphilitic cases giving a “syphilitic curve ” Lee and 
Hinton decided that the test did not parallel the others, but was 
usually corroborated by one other test, and also was more sensitive 
than the Wassermann Kaplan and McClelland obtained typical curves 
for all paretics and most tabetics, but not m all cases of cerebrospinal 
syphilis Flesch thought it more delicate and clear cut than the other 
tests Miller and Levy recognized the great value of the reaction, but 
pointed out that it did not differentiate between purulent and tubercu- 
lous meningitis, was inconstant in secondary and tertiary lues, and was 
useless in congenital syphilis Barnes and Ives^'^ consider it of \alue 
when used with other tests even though they find that there is no 
characteristic curve differentiating tabes from cerebrospinal syphilis, 
that negative curves do not exclude syphilis and that, while it parallels 
other tests rather closely, yet it is not more delicate Solomon, Koefod 
and Welles’® decided that the reaction was of the greatest value and 
should complete every spinal fluid examination, but that a positive 
reaction did not indicate syphilis unless supported by other tests 
Swalm and Mann®' found no curves in their study of nonsyphilitic 
psychoses, yet did not always find the test specific for syphilis Miller 
and his associates felt that this reaction, while not replacing the other 
tests, has a sensitiveness and specificity not shared by the others , that 
the sources of enor are few and easily recognized, and that the results 
are clear cut and decisive Solomon and Southard®® found it to be 

33 Solomon and Koefod Experience with Lange’s Colloidal Gold Test in 
135 Spinal Fluids, Boston M & S 171 886, 1914, Significance of Changes in 
Cellular Content of Cerebrospinal Fluid m Neurosyphilis, ibid 173 996, 1915 

34 Weston, Darling and Newcomb The Colloidal Gold and Other Tests 
Applied to the Spinal Fluid in Psychiatry, Am J Insan 71 773, 1914 

35 Barnes and Ives The Cerebrospinal Fluid in Syphilis of the Central 
Nervous System with Special Reference to Lange’s Colloidal Gold Reaction, 
Interstate M J 22 792, 1915 

36 Solomon, Koefod and Welles The Diagnostic Value of Lange’s Gold 
Sol Test, Boston M & S J 173 957, 1915 

37 Swalm and Mann The Colloidal Gold Test on Spinal Fluid m Paresis 
and Other Mental Diseases, Nen York M J 101 719, 1915 

38 Solomon and Southard Notes on Gold Sol Diagnostic Work in Neuro- 
syphihs, J Nerv & Ment Dis 45 230, 1917 
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of as much value on postmortem as antemortem fluids Hammes^® 
thought that the colloidal gold test uas more delicate than any other 
test and usually did not react with' a negative fluid yet should be used 
in conjunction with the other tests Black, Rosenberg and McBride 
did not find this reaction appearing after provocative treatment, yet 
considered it to be the first of the reactions to appear m the develop- 
ment of the disease Lowrey^® found it of immense value with, how- 
ever, atypical positive curves in 10 per cent and decided atypical 
curves m 10 per cent more, yet no positive reactions with nonsyphihtic 
cases Harvey noted this test occasionally occurring alone in cerebro- 
spinal syphilis and tabes He considered it of great value, neverthe- 
less, he thought it should not replace the other tests Vogeh® con- 
sidered it of special value in tabes, but found a few syphilitic curves 
occurring in neurasthenia, “serous” meningitis, hemiplegias and chronic 
alcoholism Weston^^ raises the question of a positive reaction always 
indicating syphilis and reports three cases with paretic curves not 
accompanied by a history of syphilis, positive \Y^ssermann, or luetin 
test Craig thought it the most valuable of all confirmatory evidence 
Rawlings,^- while recognizing the importance of the colloidal gold 
reaction in general, considered it of especial value in differentiating 
between syphilitic and senile arteriosclerotic cases In her experience 
the cases in which necropsies showed syphilitic vascular lesions had 
shown syphilitic curves, while those of simple senile degeneration had 
shown negative reactions 

CLINICAL INTERPRETATION 

In the following analysis of over 800 spinal fluids from 408 patients 
we have grouped the cases, for purpose of study, under the following 
divisions (1) dementia paralytica, (2) tabes dorsalis, (3) cerebro- 
spinal syphilis, (4) multiple sclerosis, (5) cord and brain tumors, 
(6) meningitis, (7) miscellaneous 

Spinal punctures are done practically as a part of the routine 
examination on patients on the nervous and mental service and, also, 
in all medical cases presenting any evidence of involvement of the 
nervous system The diagnoses and laboratory findings were tabu- 
lated from the patients’ clinical records 

39 Lo^\re^ Cerebrospinal Fluid Tests, Especially the Gold Reaction, in 
Psjchiatnc Diagnosis, J Nerv & Ment Dis 46 186, 1917 

40 Vogel The Nature and Interpretation of the Colloidal Gold Reaction, 
Arch Int Med 22 496 (Oct ) 1918 

41 Weston Does a Colloidal Curve Indicate Syphilis^ Am J Insan 74 
431, 1918, The Colloidal Gold Precipitating Substance in the Cerebrospinal 
Fluid in Paresis, J M Research 34 107, 1916, The Colloidal Gold Reaction, 
Am J Sjph 3 266 1919 

42 Rawlings Colloidal Gold Reaction in 498 Psychiatric Cases, Arch 
Neurol 5. Psjchiat 2 180, 1919 
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The final diagnosis is made by the clinician at the time the patient 
leaves the hospital He has the complete clinical and laboratory 
recoid before him, and, if a diagnosis of a syphilitic lesion of the 
nervous system is made when the laboiatory tests are partially or com- 
pletely negative, it is because the attending physician believes the clin- 
ical evidence justifies such a conclusion in spite of the lack of corrob- 
oration by biologic leactions 

In the summary of the tables under each heading m our discus- 
sion the figures represent the number of cases and peicentages Cell 
counts of five and less are called “negative,” and cells counts of more 
than five are “positive” The sign “dz” refers to reactions that aie 
“slightly” or “faintly” positive, and if unaccompanied by other positive 
findings are ordinarily regarded as of no significance , this is especially 
true of the Nonne test 

DEMENTIA PARALYTICA 

The value of the colloidal gold reaction in paresis is well recog- 
nized It is rarely negative in untreated cases and commonly gives a 
curve in zone I A reduction, at least in zone II, tends to persist even 
when the patient is leceiving intensive treatment 


TABLE 1 — Results of Examination or Cerebrospinal Fluid by Means of 
Nonne, Colloidal Gold and Wasserman Tests in 
Dementia Paralytica 



Nonne 

Cells 

Colloidal Gold 

Cerebrospinal 
Fluid Was- 
sermann 

Total oases 

19 

19 

18 

18 

+ 

14 = 73 68% 

13 = 08 42% 

17 = 94 5% 

15 = 83 30% 

± 

2 = 10 52% 




~ 

3 = 15 78% 

0 = 31 57% 

1= 5 5% 

3 = 16 66% 


In fifteen of the eighteen cases maiked leactions were noted in 
zone I , in other words, a “paretic” curve The one patient whose fluid 
was negative, except for a positive Wassermann, had received much 
treatment Man)L authors have mentioned occasional nonsyphilitic 
cases, other than multiple sclerosis, which gave typical paretic curves 
One such m our series (Case 16249), a case of brain abscess verified 
by operation, gave on two separate punctures a cuive in zone I unsup- 
ported by other positive laboratory findings 

TABES DORSALIS 

Of the spinal fluid reactions in tabes doisalis, the colloidal gold is 
definitely the most valuable In nine instances it was positive when 
the other tests were negative, and in seven other cases it was present 
with only one other positive reaction If cell counts of nine and below 
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had been accepted as normal there would be only twenty cases, or 29 8 
per cent , in which the cell count was “positive ” Well marked curves 
were found in fairly eaily cases In several patients given provocative 
treatment after one or more examinations had shown the fluid to be 
entirely negative we found the colloidal gold reaction to be the first 
to appear In patients with a questionable clinical diagnosis of syphilis 
of the nervous system and whose spinal fluid is entirely negative, it is 
well worth while to give antisyphilitic treatment for three or four 
weeks and then to repeat the laboratory examinations at least twice 
ivith a week’s interval between 


TABLE 2 — General Paresis 


Hospital No 

Nonne 

Cells 

Colloidal Gold 


Wassernnnn 

0478 

+ 

29 

5523211000 


+ 

8407 

1 

2G 




8589 

+ 

20 

5555444322 


+ 

12625 

T 1 

20 

5555430000 


+ 

14031 

-U 

50 

5555322211 


+ 

1416S 


5 

4555322000 


+ 

14338 

4- 

1 40 

5555433200 


-r 

14401 

-h 

1 5 

255533100 



14140 

— 

2 

— 


+ (history, 






much treatment) 

16169 


1 5 

0123311000 


~ early ? 

H 


1 

1122333100 



M 

+ 

, 281 

4444311000 


+ 

16602 

1 + + 

60 

5555554100 


+ 

P 

1 -r 


3555555100 



9215 

+ 

‘ 11 

5554220000 


+ 

12391 

1 

' 35 

5554422000 


+ 

12296 

1 

1 1 

4442200000 



9S02 

+ 

1 37 

4443332000 


+ 

10305 

] 

1 4 

5544422000 


+ 

1CS41 

+ + 

1 to 

5555555530 


+ 


TABLE 3 — Tabes Dorsalis 


1 

j 

1 

Nonne 

1 

Cells 

1 i 

i 

Colloidal Gold 

Cerebrospinal 
Fluid Was 
sermann 

Total cases 

71 { 

67 

74 

72 

1 

+ 

31 = 43 79% 1 

29(6+) = 46 3% , 

1 55 = V4 3% 

38 = 52 6% 

-I- 1 

14 = 19 7% ! 


‘ 4=54% 


1 

26 = 37% 1 

S8(— 5) = 53 7% 1 
Aver = 16 3% ! 

14 = 18 9% 

34 = 47 3% 


The cases that were diagnosed as tabes dorsalis in spite of negative 
spinal fluid reactions presented, as a rule, well marked signs and symp- 
toms of the disease One case (Case 16916) illustrates this very well 
The patient gave a histor)'- of gonorrhea and a probable chancre 
eighteen years before, he complained of a swollen knee, girdle sen- 
sation, sphmcteric and gastric disturbances Physical examination 
showed Argjdl Robertson pupils, incoordination, loss of deep pain 
sense in the calves and tendo Achilles, impaired sensation over the 
nose and across the chest, marked hypertonia, lost knee jerk on one 
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TABLE 4 — ^Tabes Dorsalis 


Hospital No 

Nonne 

Cells 

Colloidal Gold 

Wassennann 

9183 

9436 

-f- 

31 

11233210000 

+ 

— (Cere- 

9530 


1 


brospinal syphilis) 

9726 

+ 

48 

5443320000 

+ (50%) 

9087 

+ 

22 

122321000 

+ 

9183 

1 

1123321000 

+ 

8876 

+ 

7 

5544421000 

+ 

7955 

+ 

7 

0134321100 

+ 

7727 


7 

2233333200 

+ 

8404 


1 

— 



11582 

— 

1 

— 

— (much 

12611 


1 

2233320000 

treatment) 

+ 

12753 


1 

— 

— 

12309 

— 

1 

— 

— 

12511 

+ 

80 

4555555544 

+ 

12056 

1 

6 

1123100000 

+ 

10752 


0 

— 

+ 

10977 


5 

2233320000 

+ 

11018 

! + 

15 

2223332000 

+ 

10681 

: + 

5 

2223322000 

+ 

12956 

1 + 

22 

2223320000 

+ 

12831 

1 + 

3 

1113320000 

+ 

13068 

! + 

30 

1133332000 

+ 

12753 

i - 

1 

— 



13342 

+ 

125 

1123210000 

+ 

14441 


? 

1112311000 

+ 

10933 i 


3 i 

012311000 


10367 1 

-4- 

3 

0012320000 



14470 1 

— 

2 

001233321 i 

— 

10552 

+ 

5 

0013321000 


13000 

4- 

15 

2223100000 

“f* 

14257 

+ 

250 

2223442100 | 

+ 

14442 

— 

1 

— 


10215 

+ 

5 

, 5555542200 

— ? 

10797 

+ 

? 

0023332100 



12627 

-f- 

24 

1133320000 

+ 

12966 

+ 

3 

4433321000 

+ 

13016 

+ 

36 

1122332100 

+ 

14201 

— 

1 

— 


14474 

— 

2 

— 



14521 

+ ft 

3 

1122330000 

+ 

14491 ' 

1 4- 

SO 

1112311000 


14636 


2 

— 

— Treated 

14857 

1 — 

1 




14512 


9 

0031100000 

+ 

15857 

- 1 

21 

2233320000 

+ 

15695 1 


8 

1223331000 

+ 

15808 1 

+ 

10 

1223210000 

+ 

15695 

s 

(- 

10 

2233332000 

0001121000 

+ 

+ 

B 

— 

1 

00123321 


A N 

■ — 

1 

0002100000 



N 


3 

0013332000 



W 

+ 

30 

0013100000 



10187 

1 — 

1 

1 

— 

K 

— 

4 

0012210000 



B 

+ 

20 

0123332000 

+ 

S 

+ 

3 

0012210000 


B 

— 

20 

1233210000 

+ 

H 

+ 

25 

455554200 

+ 

A J 

— 

1 

2223310000 



Zt 

0 

1122210000 


C ! 

— 

0 

000011233 


16386 

— 

2 

0013220000 



MeQ 

+ 

5 

0113320000 


16495 

A 

45 

0123334100 

+ 

16656 

H 

12 

0013331000 

+ 

15549 

H- 

2 

4433332100 


14470 

— 

2 

0012332100 


16393 

. — 

3 

— 


10843 


1 

0012311000 


16840 


45 

0225555551 

+ (also 

0 

+ 

? 

0013441000 

pachymeningitis) 
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side, and a typical Charcot joint of the other knee Six spinal fluids 
all from different punctures were entirely negative The blood Was- 
sermann, however, was always positive in this case 

CEREBROSPINAL SYPHILIS 

The value of the colloidal gold test is strikingly shown in the senes 
of cases of cerebrospinal syphilis Eighty-five per cent of the fluids 
ga^e some reduction, and 75 per cent definite curves On the other 
hand, the Nonne was positive in 63 per cent , and definitely positive in 
only 31 per cent , there was a cell count above five in 45 per cent , and 
above nine in only 31 per cent The Wassermann was positive m 
48 per cent In 18 per cent of the cases the colloidal gold was the 
only reaction that gave evidence of a pathologic condition of the cere- 
brospinal fluid The fluids from cases of cerebrospinal syphilis tend 
to give a reduction m zone I, somewhat more frequently than those 
from cases of tabes dorsalis It has been suggested by Solomon and 
Welles that the curve of cerebrospinal syphilis is a “forme fruste” of 
the curve commonly found in dementia paralytica 


TABLE 5 — Cerebrospinal S\philis 



Nonne 

1 

CeUs 

Colloidal Gold 

Cerebrospinal 
Pluid Was 
sermann 

Total cases 

1 

27 

27 

27 

27 

+ 

11 = 40 74% 

1 12 = 44 44% 1 

21 = 77 70% 

13 = 48 14% 

* 4 - 

6 = 22 22% 


2= 7 4% 



10 = 37 03% 

♦15 = 55 55% 

1 

4 = 14 8% 

14 = 51 85% 


* If cell counts below ten are regarded as normal, then there were only nine positive cell 
counts or only 31 per cent 


MULTIPLE SCLEROSIS 

Miller, Brush, Hammer and Felton reported three cases of dis- 
seminated sclerosis, all giving “paretic” curves Hammes examined 
the fluid in four cases and only one gave the curve of paresis Flesch 
found a “paretic” curve in six out of eight cases Kaplan^® saw such 
a cun e onl)'^ once m eighteen cases Oetiker^^ obtained a reduction of 
the colloidal gold in one case Kaplan and McClelland, V ogel, 
De Crinis and Frank^® each reported two cases giving one paretic and 
one syphilitic cun^e Craig found the results in multiple sclerosis to 
be indefinite Solomon and Koefod reported four cases, two gave a 
“paretic” cun^e, one a “syphilitic” curve, and one was negative 

43 Kaplan General Paresis, New York M J 100 397, 1914 

44 Oetiker Erfahrungen mit der Langeschen gold sol Reaktion im Liquor 
cerebrospinalis, Ztschr f klin Med 82 235, 1915 

45 De Crinis and Frank Ueber die Goldsol reaktion im Liquor cerebro- 
spinalis, Munchen med Wclinschr 61 1216, 1914 
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Solomon and Southard suggest that the positive colloidal gold reduc- 
tions in these cases may be due to the substance produced in the 
process of atrophy and sclerosis Of the conditions other than syphilis 
and meningitis giving a well marked curve, multiple sclerosis is the 
one most frequently met While often emphasized that the curve m 
disseminated sclerosis resembles that of paresis, it is our experience 
that the curve is more frequently in zone II, as is illustrated by the 
fact that nine of our twenty-two cases gave curves of this type, while 
only two cases were m zone I The finding of an average cell count 
of 14 in multiple sclerosis as against the average of 1 6 in normal fluids 
IS interesting in that it tends to confirm the theory of a toxic etiology in 
this disease 

TABLE 6 — Cerebrospinal Syphilis 


Hospital No 

Nonne 

Cells 

Colloidal Gold 

Wassennann 

14203 

+ 

300 

55554433U 

+ 

14408 

— 

i 10 

0002232100 

+ 

13946 

+ 

18 

— 


14143 

— 

1 

— 

— 

14177 


1 

1 

1 

— (20 ars- 
phenamln treat- 
ments, much ) 

12S78 1 

+ 

12 

2223322000 

+ 

8312 , 


1 

11123S3210 

+ 

7796 


1 

0122210000 


8081 


70 

2555443321 

+ 

8607 , 


170 

2222211100 


12114 

+ 

1 

0343332200 

+ 

14140 1 


1 

— 


10393 1 

+ 

12 

0112333000 


80307 1 

-H 

3 

, 0012320000 


12680 


1 

1112220000 

— 

9218 


1 

' 0013321000 

— 

14444 : 

+ 

50 

4222200000 

+ 

14408 ! 


9 1 

1 0002232100 

+ 

14833 


1 

1 0002332100 


15858 

— 

1 1 

1 0001232000 

-L 

15990 

— 

6 

0012221000 


16159 

+ 

235 

2444333211 


15847 

1 “4“ 

2 

4433332100 

-i- 

16850 

1 + 

1 

1 001220000 

+ 

16847 

4- 

1 

' 0123331000 

— 

10890 

1 ~ 

9 

{ 0144442000 



TABLE 7 — Multiple Sclerosis 


] 

Nonne j 

f 

Cells 

Colloidal Gold 

Cerebrospinal 
Pluld Was- 
sermann 

Total cases ! 

21 

20 

20 ! 

21 

+ 

2 = 9 62% 1 

7 = 35% 

1 9 = 45% 



4 = 19 04% 


2 = 10% 



16 = 71 42% 

13 = 65% 

9 = 35% 

21 = 100% 


BRAIN AND SPINAL CORD TUMORS 

Although generally overlooked in the literature, we feel that a curve 
in zone III, especially unaccompanied by meningitic symptoms, is of 
very definite diagnostic value as indicating meningeal irntation, as 
shown in cases of tumors of the brain or spinal cord In our series of 
fourteen cases of such a condition, each verified by operation or 
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TABLE 8 — ^Multiple Sclerosis 


Hospital No 

Nonne 

Cells 1 

Colloidal Gold 

[ Wassenpann 

8977 


6 

1111000000 



12010 

— 

1 i 

— 

— 

12237 

— 

1 

— 

— 

10222 


2 

— 

— 

12950 

— 

L 

— 

1 

13005 

— 

1 

— 

[ 

140S6 

— 

2) 

1133220000 

— 

13691 


8 

0323100000 

— 

13189 , 

1 

7 1 

1 0122110000 

— 

14517 


3 

2331000000 

— 

14814 

— 

1 

— 

— 

9948 


4 1 

5433310000 

— 

10117 

-h 

10 1 

2333200000 

— 

104C6 


2 1 

— 

— 

14821 

— 

2 

— 

— 

16079 

— 

8 

i 1122331100 

— 

16422 

— 

2 ' 

i 0012100000 

— 

16464 


o 

1 

— 

16775 

+ 

0 

j 1555552200 

— 


TABLE 9 — Meningitis 


Hospital No 


Nonne 


0117 

8599 

B 

0 

167S0 

H 


++ 

+ + -f 

4-4"-!- 
++ 
+ -r 


j Cells 


Colloidal Gold 


Wassermnnn 


Type 


32 

112 

SOO 

340 

281 

220 


1100000000 

0000000123 

0114444321 

0000002321 

0003555410 

0000124442 


Tuberculosis 

Tuberculosis 

Pneumococus 

Tuberculosis 

Tuberculosis 

Tuberculos's 


TA.BLE 10 — Tumors of Br\in and Cord 



1 

1 

1 Nonne 

^ Cells 

] Colloidal Gold 

Cerebrospinal 
Pluid Was- 
sermann 

Total cases 

14 

10 

1 14 

14 

— 

6 = 42 S5% 

3 = 30% 

1 8 = 57 1% 

1 = 7 64% 

zb 

2 = 14 28% 


1= 71% 


— 

6 = 42 85% 1 

' 1 

I 7 = 707o 

5 = 35 7% 

13 = 92 85% 


TABLE 11 — Cord \nd Brain Tumors 


Hospital No 

Nonne 

Cells 1 

Colloidal Gold 

Wassermann 

Type 

9333 

— 

1 i 




Gliosarcoma 

9066 

■4- 

30 1 

0002333210 

[ 

Gumma 

8809 


13 

0002333100 

— 

Gumma 

8170 

4- 

2 

0011223334 



Sareoma of spine 

11487 

J- 

o 

, 2222333311 

— 

Glioma 

12783 

— 

— 

1 

— 

Sarcoma of cord 

13715 

— 

4 

1 

— 

Gumma 

10393 

a. 

12 

, 0112333000 

( -r 

Gumma 

9720 

4-^ 

5 

' 0000012222 

1 

Sarcoma 

13570 

— 

— 

— 1 

1 — 

Cerebellar sarcoma 

16399 

— 

0 

1 

1 

[ Brain tumor 

16249 

— 

1 

4444320000 

1 — 

Brain abscess 

16669 

J 

4 

0000012555 

1 — 

Cord tumor 

M 

-1- — 

4 

0000012o55 

— 

Cord tumor 
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necropsy, such a curve was present in eight cases This is of special 
value when found in these conditions accompanied by negative or 
faintly positive Nonne and a low cell count, while meningitis, on the 
other hand, has its curve accompanied by -i — [- or -] — 1 — [- Nonne and 
a high cell count 

MISCELLANEOUS CASES 

Our series of miscellaneous cases is made up of general medical 
and surgical cases, neurologic cases not coming under any of the 
special headings, and cases of syphilis where the central nervous system 
IS not definitely involved Of this group, twenty-five fluids gave some 
curve including four very slight reductions — not over “1”, only 
fifteen were curves that are ordinarily regarded as significant Eight 
of these were in cases which presented clinical or laboratory evidence 
of syphilis, of which three had involvement of the nervous system 
(sciatica, myelitis and paralysis agitans) 


TABLE 12 — Misccllaneols C\sls 



Nonne 

Cells 

Colloidal Gold 

Cerebrospinal 
Pluid Was 
sermann 

Total cases 

243 

233 

240 

239 

+ 

10= 4 11% 

15 Inc =230 1 

cases ' 

7 

0 

± 

12 = 4 91% 

6 and over = 3 i 
cases 1 

14 

0 


, 221 = 90 95% 

i 

Aver = 1 618 


239 


Of the seventeen nonsyphilitic cases giving curves 
12 had involvement of the nervous system 
3 = tumor of cord or brain 
2 = progressive muscular atrophy 
2 = nonsyphilitic myelitis or encephalitis 
2 = multiple neuritis (very slight reduction) 

1 = essential epilepsy (very slight reduction) 

1 = sciatica 
1 = Alcoholic psychosis 
5 showed no neurologic findings 
1 = acute bronchitis 
1 = chronic vulvitis 
1 = reserved diagnosis 
1 = myxedema 
1 = cirrhosis of the liver 

Of the three cell counts over 6 one was a case of syphilis with a 
cell count of 12 and a slight colloidal gold curve, one was a case of 
psychasthenia and gave a count of 6, and the third was a case of 
“optic atiophy” with a slight positive Nonne and a cell count of 8 
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TABLE 13 — Miscellaneous Cases 


Hosp No 

Diagnosis 

Nonne 




7S94 

Cardnc syphilis 



1 

0001210000 


S493 

General sjphilis 

— 

1 

— 

— 

9633 

Syphilis of bladder 

— 

2 

— 

— 

10953 

Tertiary syphiiis 

— 

1 

— 

— 

10S93 

Sjphils of tibia 

— 

5 

— 

— 

10S94 

General syphilis 

— 

2 



— 

10323 

General syphilis 


1 

— 

— 

10684 

General syphilis 

— 

2 

• 

— 

11258 

General syphilis 

— 

1 

— 

— 

11481 

Tuberculosis of larjn\ and 
sjphilis 


12 

1112210000 


11981 

Nephritis and syphilis 

+ 

1 

1111221000 

— 


General sjphihs 


1 

1112220000 



General syphilis 

— 

1 

1133321000 

— 

12996 

Syphilitic iritis 


2 


(Djspensnrv 

case) 

14324 

General syphilis 

— 

1 

— 

— 


General syphilis 

— 

1 

— 

— 


General sj’pbilis 

— 

1 



— 

15959 

General syphilis 

— 

1 

— • 

— 

15943 

Syphilitic aortitis 

— 

3 

— 

— 

16103 

Paraljsis agitans and syphilis 

— 

3 

0012221000 

— 

16236 

Congenital syphilis 

— 

1 

— 

— 


Aortic aneurism 

+ 

2 

00013411000 

— 

8699 

Combined sclerosis 



1 


— 

8150 

Pernicious anemia 

— 

2 

— 

— 

9637 

Pernicious anemia 

— 

2 

— 

— 

10222 

Combined sclerosis 

+ 

2 

— 

— 

10712 

Combined sclerosis 

— 

1 

— 

— 


Pernicious anemia 

— 

1 

— 

— 

13808 

Combined sclerosis 

— 

1 

— 

— 

14794 

Combined sclerosis 

— 

3 

— 

— 

15696 

Pernicious anemia 

— 

1 

— 

— 


Pernicious anemia 


1 



— 


Combined sclerosis 

— 

0 

— 

— 

9850 

Sciatica and syphilis 


2 

012322000 


11310 

Sciatica 


1 



12874 

Sciatica 

— 

1 


— 

13162 

Sciatica 


1 



14035 

Sciatica 


2 



— 

14318 

Sciatica 


4 

1133310000 

— 

16345 

1 Sciatica 

— 

1 

— 

— 

9327 

Epilepsy 

_ 

1 




10832 

Epilepsy 



O 

— 

— 

11211 

Epilepsj 


1 



— 

12823 

Epilepsy 


1 



— 

12527 

Epilepsy 



1 

0111000000 

— 

13582 

Epilepsy 


1 

— 

— 

14832 

Epilepsy 


2 

— 

— 

14040 

Epilepsy 

— 

4 


— 

14435 

Epilepsy 

— 

1 



— 

14435 

Epilepsy 



2 

— 

— 

14591 

Epilepsy 


X 

— 

— 

10262 

Epileps} 


3 

— . 

— 

N 

Epilepsy 

— 

1 

— 

— 

<1560 

Paral 5 sis agitans 



3 





11137 

Paralysis agitans 

— 

1 

— 

— 

14449 

Paralysis agitans 

— 

3 

— 

— 

16263 

Paralysis agitans 

— 

1 

— 

— 

S 

Paralysis agitans 

-f- 

4 


— 

16760 

Paralysis agitans 

1 

1 

— 

— 

14449 

Paralysis agitans 

— 

1 

— 

— 

9766 

Multiple nqpritis 

— 

2 


— 

10763 

{ Chronic lend poisoning 

— 



0012210000 

— 

10464 

Polyneuritis 

— 

2 

1111000000 


10057 

1 Chronic neuntis 

— 

3 



— 

15431 

1 Postdiphtheritic naraly sis 

— 

1 

— - 

— 

0279 

1 Hemiplegia 



1 



— 

11217 

1 Thrombosis of cerebellum 

— 

2 



— 

13377 

1 Hemiplegia 

— 

1 

— 

— 

13710 

( Old hemiplegia 


1 



— 

13226 

, Hemiplegia 

— 

1 

— . 

— 

13461 

1 Bight hemiplegia 


2 

— 

— 

16076 

] Cerebral hemorrhage 

+ 

2 

— 

— 

10170 

Cerebral hemorrhage 

— 

2 

— 


16725 

j Cerebral hemorrhage 


3 
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TABLE 13 — ^ALscellaneous Cases — {CojiUmtcd) 


Hosp No 

Diagnosis 

Nonne 

Cells 

Colloidal Gold 

IVassermann 

9963 

Muscular dvstrophy 

— 

1 

— 

— 


Bulbar palsj 

— 

1 

— 



Progressive muscular atrophy 

— 

1 

11132100000 

— 


Progressive muscular atrophy 

+ 

* — 

1111100000 

— 

14W1 

Am5 otrophic lateral sclerosis 

— 

9 

— 

— 

145S6 

Progressive muscular atrophy 

— 

2 

— 


159M 

Progressive muscular atrophy 

— 

S 

— 

— 

14W1 

\m\ otrophic lateral sclerosis 

— 

3 



9751 

Transverse myehtis 



1 

— 

— 


Myelitis 

J- 

1 


— 

14715 

Encephalitis 

— 

1 

— 

— 


Myelitis, syphilitic 

— 

5 


— 

16369 

Myelitis 

-1-1-+ 

1 

0124444444 


11319 

Traumatic neurosis 

— 

1 

— 

— 

11622 

Neurasthenia 

— 

1 

— 

— 

11410 

Traumatic neurosis 

— 

1 

— 


12270 

Neurasthenia 

— 

1 

— 


130SS 

Neurasthenia 

— 

1 

— 

— 

13062 

Neurasthenia 

— 

o 

— 

— 

13650 

Neurasthenia 

— 

1 

— 

— 

13628 

Hysteria 

— 

1 

— 

— 

13679 

Neurasthenia 

— 

1 

— 

— 

13118 

Neurasthenia 

— 

1 

— 

— 

13143 

Neurasthenia 


1 

— 

— 

13481 

Hjsteria 

— 

3 

— 

— 

13807 

Hysteria 

— 

1 

— 

— 

140-20 

Neurasthenia 

— 

1 

— 

— 

14487 

Neurasthenia 

— 

1 

— 

— 

145SS 

Hysteria 

— 

1 

— 

— 

143S4 

Neurasthenia 

— 

1 

— 

— 

14186 

Neurasthenia 


— 

— 

— 

14285 

Neurasthenia 


1 



— 

14558 

Hysteria 


2 

— 


1440-2 

^curasthonIa 


0 

— 

— 

14080 

Psvchasthenia 

— 

1 

— 

— 

15930 

Neurasthenia 

— 

1 

1 


159-21 

Neurasthenia 

— 

2 

— 

— 

16094 

Neurasthenia 

— 

1 

— 

— 

16149 

Neurasthenia 

— 

1 

— 

— 

164‘’S 

Hvstena 

— 

1 

— 

— 

14384 

Psychasthenia 

— 

6 

— 

— 

loor.i 

Dementia praecov 



1 

— 



14505 

Dementia p^aeco^ 


1 

— 

— 

1444’’ 

Senihtv 

— 

2 

— 


14532 

Dementia 

— 

1 

— 

— 

16111 



1 

— 

— 

K 

Melancholia 

a. 

1 

— 

— 

10759 

Cyclothymia 

— 

1 

— 

— 

G 

Alcoholic psvcbosis 

— 

0 

0013110000 

— 

8743 

Senile paraplegia 



4 

— 



9336 

Optic neuritis 

— 

1 



10905 

Chronic progressive chorea 

— 

1 

— 



10591 

Pachvmeningitis 

— 

1 

— 



11209 

Svnngomvcha 

— 

1 

— 



1‘’935 

Practure of sl,ull 

— 

1 

— 



13000 

Mvasthenia graais 

— 

1 

— 

— 

13661 

Hvdrocephalus 

— 

1 




13720 

Cervical rib 

— 

1 




13775 

Cervical rib 

— 

1 

— 



13950 

Fracture of spine 

— 

1 




14591 

Cerebellar atrophv 

— 

2 

— 

— 

14500 

Lateral sclerosis 

— 

2 




158'>6 

Canes of vertebrae 

— 

2 

— 


D 

16440 

Optic atrophy 

Chorea 

~ 

8 

1 


— 

1240S 

Mvvodema 



3 

0121000000 

- 

14231 

Hvperthyroidism 

— 

1 

— 



1581 2 . 

Adenoma of thvroid 

— 

2 



159-22 

Fxophthalmic goiter 

— 

2 

— 


l(>7o8 

Hvperthj roidism 

— 

2 

— 

— 

10631 

Obesitv 


2 

— 



10604 

Obesitv 

— 

0 

— 

— 

11214 

Diabetes mellitus 


1 

— 

__ 

14475 

Diabetes mellitus 

— 

3 



10194 

Diabetes mellitus 

— 

1 



14475 

Diabetes mellitus 


1 


— 
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TABLE 13 — Miscell VNCous Cases — (Continued) 


Hosp J<o 

Diagnosis 

Nonne 

Cells 

Colloidal Gold 

Wassermann 

SS45 

Chronic valvular disease 



1 

— 



0949 

Mitral stenosis 

— 

2 

— 

— 

lOoSO 

Aneurism of aorta 

— 

— 

— 

— 

1223S 

Angina pectoris 

— 

1 

— 

— 

13476 

Arteriosclerosis 

— 

3 

— 

— 

13802 i 

Arteriosclerosis 

— 

5 

— 

— 

139S7 

Chronic endocarditis 

— 

1 

— 

1 

13555 

Chronic myocarditis 

— 

1 

— 

— 

14206 1 

1 Valvular disease 

— 

1 

— 

— 

14234 1 

Cardiac 

— 

1 

— 

— 

15934 1 

Mitral stenosis 

— 

2 

— 

— 

16205 

Arteriosclerosis 

— 

1 

— 

— 

15840 

Lymphatic leukemia 

— 

1 

— 

— 

16357 

Acute pericarditis 

— 

0 

— 

— 

16699 

Cardiac disease 

— 

2 

— 

— 

16216 

Arterial calculus 

— 

0 

— 

— 

10760 

Arteriosclerosis 

— 

1 

— 

— 

10912 

Bronchitis 

— 

i 1 

— 

— 

10494 

Pulmonary tuberculosis 

— 

1 2 

— 


10551 

Acute bronchitis 

— 

1 

0022100000 

— 

10639 

Pulmonary tuberculosis 

— 

1 

— 

— 

14332 

Pulmonary tuberculosis ' 


' 1 

— 

— 

15033 

Miliary tuberculosis j 

i 

! 3 

— 

— 

15970 

Asthma | 

— 

4 

— 

— 

15704 

Pulmonary tuberculosis ] 

1 

1 1 

— 

— 

16464 

Chronic pulmonarj lesion 

1 

2 

— 

— 

16346 

Pneumonia j 

— 

1 4 

— 

— 

16SS0 

Acute miliary tuberculosis 

1 

1 1 

— 

— 

10S79 

' Arthritis 



1 



— 

11727 

1 Multiple arthritis 

— 

I 

— 

— 

14251 

1 Chronic arthritis 

— 

3 

— 

— 

15944 

! Arthritis 

— 

2 

1 

— 

i67ai 

Chronic polyarthritis 

— 

1 

i 

— 

10956 

^ Gastric carcinoma 

— 

1 

1 _ 

— 

12497 

Carcinoma of prostate 


1 



16S0S 

Diffuse carcinomatosis 

— 

2 

1 1 

— 

9957 

Gastric carcinoma 

— 

1 

1 ~ 


9685 

Rcfractite error 



1 

1 *“ 


10337 

Refractive error 

— 

1 


— 

12733 

Reserved 

— 

2 

— 

— 

12450 

Reserved 

— 

1 

0011100000 

— 

12489 

Reserved 

— 

1 


— 

10980 

Gingivitis 

— 

1 

— 

— 

16535 

Gingivitis 

— 

2 

; — 

— 

12054 

Duodenal ulcer 

— 

2 



1 

10352 

Duodenal ulcer i 

-+- ! 

2 



— 

16073 

Duodenal ulcer , 

— 

1 



— 

13351 

Cj stitis 


1 



— 

14406 

Chronic cystitis 

1 

1 



— 

14406 

Chronic cystitis 



3 



— 

14483 

Appendicitis 

! 

1 1 



— 

14483 

Appendicitis 

1 

2 

— 

— 

14114 

Chronic amygdalitis ' 

— 

2 j 



— 

16763 

Amy gdalitis , 

— 

1 ' 



— 

14487 

General debility i 



2 1 



— 

S 

General debility 

-4- 

3 , 



— 

9339 

1 Hereditary contraction of finger 

— 

2 

— 

— 

10898 

1 Atrophy of testicle 

— 

3 1 



— 

10720 

1 Pregnancy 



1 



— 

10180 

' Chronic gastritis 



1 



— 

11077 

j Adhesions of cecum 



1 



— 

11173 

Prolapsed urethra 


1 



— 

12213 

Pyelitis 


1 



— 

12639 

Chronic vulcitis . 

t 

1 

0012210000 

— 

10796 

Ulcer of foot 

1 

1 


— 

12128 

Inguinal hernia 

' 

1 



— 

12968 

Chronic nephritis 


1 



— 

13392 

Practuro 

1 

1 



— 

13324 

Periostitis of os calcis 

— 

1 



— 

14021 

Pyclonephrosis 

— 

1 



— 

14413 

Visceroptosis , 

— 

2 



— 

14781 

Infectious diarrhea 1 

— 

1 



— 

16237 

Lephrolithiasis 1 

— 

4 



— 

16604 

Cholecystitis 1 

— 

1 



— 

16433 

Gastric ulcer | 

i 1 

— 

4 

— 








W ARW 1C K-N I XOK— COLLOIDAL GOLD REACTION 139 

It IS not at all improbable that the six syphilitic cases, coming, as 
they did, to our attention because of the positive blood Wassermann 
only, and giving no definite clinical evidence of involvement of the 
nervous system, will eventually develop clear cut signs of neurosyphilis 
Of the thirteen definitely positive curves, tweh e occurred in cases either 
of general syphilis or disease of the nervous system 

This series shows quite conclusively that even a very slight pre- 
cipitation of the colloidal gold is suggestive of involvement of the 
nervous S 3 '^stem and a reduction of an}"^ magnitude is a definite indica- 
tion of such a condition, and also that a negative curv^e, especially when 
unaccompanied by clinical symptoms is definite ground for ruling out 
organic lesions of the central nervous system Although our series 
of cases of epilepsy is too small to justify any conclusions concerning 
the colloidal reaction in this disease, it is of interest to note that not 
one curve was found While, on the other hand Larkin and Corn- 
wall® in 114 colloidal gold tests done on epileptic patients obtained 
no curve in 46 per cent , a low cur\ e to “2” in 46 per cent , and a 
higher cune to “ 3 ” in 8 per cent 

VALUE OF COLLOIDAL GOLD TEST IN TREATED CASES 

In reviewing the literature one is impressed with the great variance 
of opinion on the -value of the colloidal gold test in treated cases 
Lange in his first presentation of the test claimed that it closely 
paralleled the clinical course Eskuchen noted a general paresis curve 
change to a syphilitic curve Solomon and Koefod found no marked 
change of the curve in treated cases, and concluded that there was no 
relation between the curve and the duration and seventy of the dis- 
ease Swalm and Mann stated that in remissions and treatment a 
paretic curve may be lost or changed to one of a syphilitic type Black, 
Rosenberg and McBride thought that the colloidal gold test was the 
last reaction to become negative under treatment, and also saw it 
change in type during the process Mehrtens^" found the reaction 
steadily decreasing and becoming atypical under treatment De Crmis 
and Frank found that as a patient improves the colloidal gold curve 
returns to normal FarnelB® noted that paretic curv^es under pro- 
longed mercurial or arsenical treatment decreased in intensity, but a 
few remained unchanged even under prolonged intraspinous treatment 
Hammes found that a change in the curve during treatment rarely 

46 Larkm and Cornwall Spinal Fluid in Epilepsy, J Lab & Clin M 
4*352, 1919 Larkin Laboratory Diagnosis in Neurosi^philis, Am T Svohilis 
3 76, 1919 

47 Mehrtens Discussion, California State M J 16 170, 1918 

48 Farnell Observations on the Colloidal Gold Reaction. Providence M T 
16*158, 1915 
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occurred Miller and Levy considered that the reaction remained 
unchanged, both in remissions and under intensive intraspmous treat- 
ment, in their series only one case showed a curve diminishing with 
clinical improvement Ayer^® observed that all spinal fluid tests are 
of little value in indicating progress under treatment Grulee and 
Moody reported one case of congenital syphilis which gave a positive 
colloidal gold reaction at six weeks of age, which, under treatment, 
became negative at thirteen weeks, and therefore they concluded that 
treatment modifies the reaction but to a less degree than the Wasser- 
mann Kaplan and McClelland found that the paretic curve resists 
all treatment and consider the condition analogous to that known as 
“Wassermann fast” Solomon and Southard noted that any one test 
may remain positive after all the other tests become negative, there- 
fore, concluded that the laboratory reactions never parallel the clinical 
findings Cornwall® notes that a curve may be temporarily increased 
after treatment 

Our series of treated cases is too small and the results are too 
variable to permit of any conclusions The following observations, 
however, may be of some interest 

Our usual method of treatment in the hospital consists of weekly 
intravenous injections of arsphenamin (occasionally neoarsphenamin) 
followed by spinal drainage twenty minutes later, this treatment is 
preceded by a few doses of mercury and lodids, which treatment was 
sometimes continued during the intravenous treatment, the arsphen- 
amin being alternated with the mercury A few of the earlier cases 
were given arsphenaminized serum intraspinously It is noteworthy 
that with this method of therapy the fluid not infrequently gave more 
marked reactions after the second or third treatment, or became posi- 
tive where negative on the first examination In later examinations 
the fluids tended to be less “positive ” In a few of our cases all the 
spinal tests gradually returned to normal under intensive treatment, 
but even in these the reactions showed no uniformity in the order of 
their decrease or disappearance 

Many of the fluids, however, gave little or no indication of change 
of reaction while, at the same time, the patient gave marked clinical 
evidence subjectively and objectively of betterment Therefore, one is 
justified in the assumption that the colloidal gold curve, while of very 
definite value in initial diagnosis, is often practically useless in treated 
cases, either for diagnosis or prognosis, and has been found not to 

49 A>er Rational Use of Spinal Puncture, J Nerv & Ment Dis 46 
429, 1917 

50 Corn-wall Syphilis in Its Relation to the Central Nervous System, Mil 
Surgeon 43 510, 1918 
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parallel clinical symptoms This is well illustrated by several of our 
cases in which at times during courses of treatment negative curves 
were obtained and in which later typical reactions resulted 

In our experience, fluids showing pronounced curves did not change 
to any marked degree during treatment, while provocative or slight 
reactions often gave temporarily or permanently negative findings 
We had opportunity of examining the fluids of several patients at 
intervals covering months or a year and more, and it was interesting 
to note the constancy of the colloidal gold curve One patient who was 
receiving intensive treatment gave practically the same curve for three 
years 

GENERAL DISCUSSION 

The foundation for the colloidal gold reaction was laid by Zsig- 
mondy,®^ who found that "certain colloids, especially proteins,” had a 
protective action on the precipitation of colloidal gold suspensions by 
sodium chlorid — an electrolyte The protective value of each protein 
examined varied, ditferent amounts of each protein being necessary 
to protect 5 c c of colloidal gold against 0 5 c c of a 10 per cent 
solution of sodium chlorid It was Lange, however, who applied this 
test to the quantitative study of the protein in the cerebrospinal fluid 
Lange considered it as an indication of the mixture of the protein, 
but Weston has shown that the substance is dialyzable through 
thimbles impermeable to albumins and can be precipitated by 
ammonium sulphate and is, therefore, a globulin 

Zaloziecki®^ thought it was an immunity reaction Jaeger and 
Goldstein regarded it as a physical phenomenon, probably of an elec- 
trical nature Eskuchen looked on the cause of the precipitation as 
due to the pathologic increase of the albumin, variations in the type 
of precipitation are apparently caused by various forms of physico- 
chemical relations of the albumin 

Solomon and Koefod experimented on adding arsphenamin to the 
gold solutions, they obtained definite color reactions, but found that 
normal spinal fluids in varying dilutions up to 1 5,120 protected the 
solution against this color change Felton said the zonal reactions are 
caused by the interrelationship of the globulin and albumin, the 
albumin protects and the globulin precipitates the gold 

In considering the comparative worth of the various tests used m 
the clinical study of cerebrospinal fluid it must be borne in mind that 
each test depends on a different substance in the cerebrospinal fluid 

<e 

51 Zsigmondy Die hochrothe goldlosung als reagens auf colloide, 

Fresemius Ztschr f anal 3 i;ische Chem. 40 697, 1901 ’ 

52 Zalo7iecki Ueber den Eiweissgehalt der Zerebrospinalflussi^keit 
Ztscbr f Nen'enh 47 783, 1913 
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and IS indicative of a more or less specific reaction on the part of 
certain tissues of the nervous system or of a decreased or altered 
permeability of the choroid plexus While commonly a rather con- 
stant relationship exists between the various reactions in certain types 
of lesions of the nervous system yet it is amply demonstrated that 
any one of the reactions may be present when the others are absent, 
and that the type or degree of the reaction may vary widely from that 
of any other reaction To illustrate m tabes dorsalis a typical 
laboratory report may read Nonne , cells 40, colloidal gold 133 
4432000, Wassermann -j- But it is evident that the same substance 
is not responsible for all these findings, for any one or more of these 
tests may be positive and the others be negative 

Furthermore, none of these tests depends on a common provoking 
substance, for many conditions will cause increased albumin and 
globulin m the cerebrospinal fluid, the same is true of the varying 
degree of cellular increase , the colloidal gold curve and the complement 
fixation tests are more specific, but even here we find the colloidal gold 
curves of dementia paralytica and cerebrospinal syphilis occurring in 
cases of multiple sclerosis and brain abscess 

From the fact that these reactions can occur in diseases of different 
etiology, it is apparent that the reactions are dependent on various 
types of tissue change rather than on modified forms of the Tieponema 
pallidum, as we might suppose if these reactions occurred only in 
syphilitic lesions of the central nervous system It is possible, how- 
ever, that various forms or fractions of the organism may tend to 
involve certain tissues more than others 

It is evident that a definite diagnosis should not be made on the 
presence of one of these reactions other than that any distinct abnor- 
maht} of the cerebrospinal fluid indicates a pathologic condition of 
the central nerious system One can understand that it would be 
possible to have a positive Wassermann reaction m the spinal fluid 
without definite syphilis of the nervous system, due, peihaps, to an 
alteied permeability of the choroid plexus or to a Ingh concentration 
of antibodies in the blood 

As Felton and Maxy have pointed out, "zonal” reactions are not 
specific and should not be designated by descriptive terms 

While emphasizing the nonspecificity of the color changes in the 
various dilutions it is our experience that they are of diagnostic value 
if corroborated by, or corroborative of, any other reactions or clinical 
findings ' Thus, a reaction in zone I usually means dementia paralytica, 
m zone II, cerebrospinal syphilis or tabes dorsalis and in zone III, 
meningitis 
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We had two interesting illustrations of this recently A patient 
who had tabo-paresis, with clinical evidence of pachymeningitis 
hypertrophica cervicahs, gave definite color changes into zones 
II and III The second patient was admitted to the hospital in 
a state of delirium with no history except that he had been sick a week 
or more Well marked signs of meningitis were present and examina- 
tion of the chest suggested the presence of pulmonary tuberculosis 
The spinal fluid was under increased pressuie and was perfectly 
clear A diagnosis of tuberculous meningitis was made No bacteria 
were found in the fluid on repeated examinations and the colloidal 
gold solution was almost completely reduced in all except the first 
dilution This suggested a cerebrospinal syphilis in addition to the 
meningitis This was confirmed by repeated positive blood and spinal 
fluid Wassermanns Under antis 3 ^philitic treatment the patient 
improved markedly and the meningitic symptoms cleared up largely 
Textbooks and obseners frequently differ as to the cell count to 
be considered as pathologic, the most common view, however, being 
that any number below 10 is normal Many writers feel that this is 
too high a limit Kafka considers anything above 5 as pathologic 
Dreyfus®® gives the following classification 1 to 5, normal, 6 to 9, 
doubtful, 10 to 20, slight pleocytosis, 21 to 50, moderate pleocytosis, 
and over 50 as a marked pleocytosis Black and Veines®^ believed that 
the count considered normal was too high, and from their own obser- 
vations concluded that less than one lymphocyte was a nonnal count 
and that two or three lymphocytes should be considered as pathologic 
Genoese®® considers more than one lymphocyte distinctly pathologic 
In our series there was not a single count of over five cells m a 
nonsyphilitic or non-neurologic case, and the average was 1 6 cells 
in our normal spinal fluids From this fact as well as the findings of 
otheis we believe that five should be the limit of a normal cell count 
The consensus of opinion seems to be that we have practically 
always a pleocytosis in syphilis of the central nervous system, but 
Mitchel, Darling and Newcomb,®® making 300 counts on 34 patients, 
with untreated syphilis, in two weeks, found great variations in short 
intervals in every stage of the disease, either high or low counts 
appearing at any time in the disease, persisting for months, or chang- 

53 Dreyfus Die Metlioden der Untersuchung des Liquor cerebrospmalis 
bei Syphilis, Muncheii med Wchnschr 59 2561, 1912 

54 Black and Vernes Les lymphocytes du liquide Cephalorachidiens nor- 
mal, Compt rend Soc de biol 75 231, 1918 

55 Genoese The Cerebrospinal Fluid During Malaria in Children 
Pohchnico 26 737, 1919 

56 Mitchel, Darling and Newcomb Observations on Spinal Fluid Cell 
Count in Untreated Cases ot Cerebrospinal Sv'phihs J Nerv &: Ment Dis 
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mg completely m intervals of only a few weeks They also failed to 
find any parallelism between changes in the cell count and clinical 
symptoms 

Solomon and Koefod in a study of spinal fluid cellular content in 
cases of syphilis of the central nervous system after treatment found 
that the number of cells may vary greatly, changing from normal to 
high counts or from high to low counts within a few days They con- 
clude that the number of cells gives no definite information on dura- 
tion, severity, or prognosis of the disease and is of no value in differ- 
entiating between cerebrospinal syphilis and dementia paralytica 

Lowrey in a study of what he terms “brain lues” reports the 
following results 3 or 4 cells m four cases, from 5 to 10 cells in 
thirteen cases, from 11 to 25 cells m tventy cases, from 26 to 50 cells 
m tAventy-six cases, from 51 to 100 cells m thirty-eight cases, and from 
101 to 250 cells m twenty-seven cases, showing that an appreciable 
number of patients had low counts 

From a study of the repeated fluid examinations m treated and 
untreated cases Ave find a somewhat greater reduction of the number 
of cells in long treated than m untreated cases There Avas, however, 
great vanabihty in the counts at different times and the findings in 
general agree Avith those mentioned above 

The colloidal gold reaction, Avhile requiring a careful techmc, has 
been simplified by careful workers until it is easily AVithin the reach 
of any routine laboratory It is also unquestionably the most sensi- 
tiA^e and Aaluable of the various tests used in a study of the spinal fluid 
It does not usurp the place of any of the other tests nor make a care- 
ful neurologic examination unnecessary, but does have a definite and 
independent A^alue, and no examination of the spinal fluid is complete 
Avithout it 

As Fildes, Parnell and Maitland,®^ and Wile and Stokes®® have 
pointed out, the spinal fluid may giA^e evidence of involvement of the 
central nervous system early in the course of syphilitic infection 
Since early treatment is of such vital importance in neurosyphihs, it is 
essential that in every case of general syphilis, especially with any 
signs of nervous system involvement, a complete study of the spinal 
fluid should be made as Avell as a careful neurologic examination 
On contemplating the large amount of literature on the subject one 
IS impressed by the fact that the colloidal gold reaction has passed 
through the stage of experimentation Avith resulting over-expectation 

57 Fildes, Parnell and Maitland Unsuspected Involvement of the Central 
Nenous System, Arch Neurol & Psychiat 1 231 (Feb) 1919 

58 M'lle and Stokes Involvement of the Nervous System During the 
Primary Stage of SA'philis, JAMA 64 979 (March 20) 1915 
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and exploitation, then the reactionary period of comparative neglect 
and indifference, and now has reached the intermediate and per- 
manent stage of acceptance, occupying an independent position of its 
own and forming a necessary part of every routine laboratory spinal 
fluid analysis and caieful neurologic examination With Lange we 
believe that this reaction often determines the presence of an early 
and slight involvement of the nervous system and is, therefore, of 
great importance in early diagnosis, permitting of early treatment and 
thereby preventing or modifying severe syphilitic and “metasyphilitic” 
diseases of the central nervous system 

SUMMARY 

1 The colloidal gold test is the most delicate of the loutine spinal 
fluid reactions 

2 With careful technic and proper attention to neutrality success- 
ful colloidal gold solutions are within the reach of every laboratory 
worker 

3 It does not replace any other test but, on the other hand, is of 
independent value 

4 It IS of especial importance in the early diagnosis of neuro- 
syphilis 

5 The various curves are not specific but are of great diagnostic 
value in conjunction with other clinical and laboratory findings 

6 A colloidal gold curve may be obtained with or without other 
positive findings after provocative treatment 

7 The colloidal gold curve does not parallel clinical signs nor give 
definite evidence of improvement under treatment 

8 Patients with no involvement of the central nervous system or 
who are nonsyphilitic give no colloidal gold curve 

9 Clear-cut clinical cases of tabes dorsalis may show all the spinal 
fluid reactions negative both before and after treatment 

10 A curve in zone III with a negative cell count and negative or 
faintly positive globulin is strongly suggestive of a brain or cord tumor 
or myelitis 

11 Curves in zones I and II may be found in nonsyphilitic con- 
ditions, such as multiple sclerosis and brain abscess 

12 A cell count above five is pathologic, but the cell count is of no 
value in indicating duration or severity of the process or improvement 

13 This reaction should be included in every spinal fluid analysis 
and neurologic examination as well as in all cases of general syphilis 



AN ANALYSIS OF THE SPREAD OF THE EXCITATION 
WAVE IN THE HUMAN VENTRICLE 


GEORGE FA.HR, AID 

MADISON, WIS 

We are now m the possession of a method and sufficient anatomic 
and physiologic information for a detailed and fairly accurate analysis 
of the normal and pathologic spread of the excitation wave in the 
human heart Such an analysis will help to clarify some of our some- 
what hazy and even inaccurate ideas as to the causes of the form of 
the normal and pathologic electrocardiogram Using the method of 
the equilateral triangle devised by Emthoven,^ I attempted an analysis 
of the propagation of the wave of electronegativity in the human 
heart in 1914“ Tins paper has for its purpose the more extended 
introduction of the method among American clinicians and a revision 
of some of the ideas developed in that paper The work of Rothschild 
and Lewis® on the velocity of conduction in the heart muscle has been 
especially helpful in revising our ideas as to the propagation of the 
electronegative wave m the heart 

Let us first consider the propagation of the wave of electronega- 
tnity in a straight muscle cylinder (Fig 1, A-B) immersed in a 
physiologic salt solution contained in a glass cylinder (Fig 1, C-D) 
The two ends of this glass cylinder are connected by nonpolarizable 
electrodes with a string galvanometer If the muscle is stimulated 
at A” this point becomes electronegative with respect to the rest of the 
muscle mass, currents of electricity flow in the tissue juices surround- 
ing the muscle fibers and in the physiologic salt solution in which it is 
immersed There is a difference of potential between the ends C and 
D of the glass cylinder Just as the end B of the muscle cylinder is 
more negatne than the end A, so also the end D of the glass cylinder 
is more negative than the end C, and a current of positive electncity 
will run in the galvanometer from C to conversely, the direction of 
the galvanometer deflection will indicate to the observer ivhich end 
of the muscle has been thrown into the state of excitation From x the 
excitation process will spread toward both ends with equal velocity 
The end B will receive the electronegative wave first At this moment 
the gahanometer will show the maximum deflection in the original 
direction The wave of electronegatmty continues its journey toward 

1 Einthoven Fahr u de Waart Arch f d ges Physiol 150 275, 1913 

2 Fahr and Weber Deutsch Arch f khn Aled 117 361, 1915 

3 Lewis and Rothschild Phil Trans, B, 206 181, 1915 
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A, while the electronegativity is dying out at B Finally, the excitation 
process reaches the end A, this point now has its maximum negativity, 
whereas the point B has lost its negativity or is losing it in the normal 
process of return to the original state At this moment the point C of 
the glass cyhndei is more negative than the point D, an electric current 
runs from D to C through the galvanometer which shows a deflection 
in the opposite direction corresponding to the reversal of the direction 
of the potential difference m the muscle cylinder A-B and the glass 
cylinder C-D 



Fig 1 — Diagrammatic representation of a thin muscle cylinder immersed in 
physiologic salt solution contained in a very large cylindrical glass vessel with 
one galvanonietei lead 

We have traced the development of a diphasic current m a muscle 
cyhndei stimulated near one end B with its spiead throughout the 
muscle mass and have followed the cuive described by the stnng 
galvanometer in this simple case If we stimulate the muscle at y, 
the end A of the muscle will be more negative than the end B, the end 
C more negative than the end D, and the current will run from D to C 
through the galvanometer indicating to the observer that the muscle 
IS in a state of excitation at a point nearer to its A end than its B end 




148 


ARCHIVES OF INTERNAL MEDICINE 


It IS necessary to consider the case when the muscle cylinder is 
stimulated at its center vi In this case the electronegative process 
starts at in and travels with equal velocity toward both ends The ends 
A and B will have synchronously the same electrical potentials as the 
excitation process approaches them There will be no difference of 
potential between A and B, and correspondingly no difference of poten- 
tial between C and D The galvanometer will in this case give no 
indication of activity m the muscle cylinder The observer at the 
galvanometer will receive no indication that an excitation process has 
started at m and spread to both ends 

In the same way if both ends A and B are thrown into a state of 
excitation at the same moment, and in consequence both ends become 
electronegative in respect to points on the muscle near them, then A 
and B have equal potentials , in consequence, there will be no difference 
of potential between C and D, and the galvanometer will not indicate 
that there is activity in the muscle, despite the fact that both ends of 
the muscle mass are in excitation 

There is one more elementary case to be considered The muscle 
cylinder is bent at m so that the ends A and B are next to one another, 
and this V-shaped muscle mass is immersed in the cylinder C-D in 
such a way that the ends B and A are toward D, and the middle m 
lies toward C (Fig I, A) If the muscle is now stimulated at w, its 
middle point, we get a potential difference between in and A, and 
between in and B such that both A and B are positive to in If we 
make use of an arrow to indicate the direction of a potential differ- 
ence, the head indicating positivity and the tail negativity, the arrow 
in this case will point from C toward D D is more positive than C, 
and a current passes through the galvanometer from D to C The 
obsen^er noting the direction of the deflection of the galvanometer can 
thereby determine that the portion of the muscle mass toward C is 
negative in respect to that portion toward D In other words, he can 
deduce that a portion of muscle more toward in than toward A and B 
has been thrown into activity By following the curve of the deflection 
of the galvanometer he can follow the spread of the activity from in 
toward A and B, and determine very closely the moment when A and 
B aie thrown into activity, for at this moment the direction of the 
galvanometer deflection is opposite and reaches its maximum Vice 
versa, if both points A and B are stimulated and the excitation process 
spreads toward in, the curve of the galvanometer deflection is exactly 
the reverse of the preceding curve If A alone is first stimulated we 
have a potential difference such that the end D is negative to the end 
C As the wave of electronegativity proceeds toward in the direction 
of the potential difference changes When in is negative the ends A 
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and B are positive and the arrow points toward D As the excitation 
wave spreads further along the muscle it finally approaches B, and 
when it arrives here B is negative to iu and D is negative to C and the 
direction of the potential difference in the salt solution is again 
changed , that is, the arrow points toward C 

It is possible to twist our schematic muscle cylinder into innumer- 
able shapes and to consider each of these cases as we have considered 
the above few in detail But the moment we begin to twist the muscle 
cylinder into various shapes the electronegative wave travels at certain 
points in directions at right angles to the diiection C — D We shall, 
therefore, next consider a few simple cases of propagation of the 
excitation process in a muscle mass immersed in a flat rectangular 
receptacle containing physiologic sodium eWorld solution (Fig 2) 



Fig- 2 — Diagrammatic representation of aflat muscle sheet immersed m aflat 
rectangular vessel of salt solution with two galvanometer leads 

A-B-E-F IS the muscle mass C-D-H-G is the glass vessel filled with 
the physiologic sodium chlorid solution One galvanometer (Gl) is 
connected to the ends C and D, this we shall call lead I The other 
galvanometer is connected to the sides H and G We shall call this 
lead II If the muscle is excited at the electronegativity is first 
present at x, the rest of the muscle is positive to x The end B is less 
positive than the end A, therefore, as far as these ends are concerned 
there is a potential difference in the muscle of such direction that an 
airow indicating the direction of potential in the muscle fiber will have 
the direction A <— B if the head indicates positivity and the tail nega- 
tivity 

As X IS symmetrically placed with respect to the sides E and F there 
will be no difference of potential between them, and, therefore, no 
potential difference between H and G and the galvanometer 2 will 
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indicate no activity The galvanometer 1 will be deflected in a direc- 
tion indicating a potential difference between C and D in such a direc- 
tion that the current runs from C to D The observer of the gal- 
vanometers will see a deflection m lead I and none in lead II, and will 
conclude that there is a point of activity in the muscle located sym- 
metrically to E and F and nearer B than A He can follow the spread 
of the excitation process throughout the muscle 

If we stimulate the muscle at 5 we get no difference of potential 
between A and B because they ai e equidistant and symmetrically placed 
V ith respect to c There will be a potential difference between E and 
F of directions because z is nearer E Galvanometer 1 will show 
no deflection Galvanometer 2 will be deflected in a direction indicat- 
ing current passing from G to H , and the observer will conclude from 
the galvanometer deflections that the muscle is active at a point nearer 
E than F, and equidistant from A and B 

If the muscle is stimulated to activity at y, B is negative to A 
because y is nearer B, and E is negative to F, for y is nearer the side E 
than the side F There will be a potential difference in the muscle 


whose direction yui 



can be resolved into the two com- 


ponents EF and AB The galvanometers are deflected m such a way 
that lead I indicates E negative to F and lead II indicates B negative 
to A The observer must combine the two potential differences at 
right angles to one another in order to get the resultant potential dif- 
ference This resultant will indicate to him the point at which the 
muscle is m activity For if he gets his resultant and draws it into a 


figure shaped like 



the muscle, drawing it in such a 


way that the arrow passes through the center of gravity m, the nega- 
tne end y will point toward that area of muscle which is in a state 
of activity 

If m, the center of gravity, is excited, this point is negative with 
respect to all others, but as the distribution of potential is symmetrical, 
and as A and B are equidistant and E and F are equidistant from m, 
there will be no potential difference between E and F or between A 
and B There is no resultant potential difference in the whole mass 
It must be remembered that there is a potential difference between A 
and m but as this is equal and opposite to the potential difference 
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between B and w tliey neutralize one another as far as the ends C and 
D are concerned And although there is a potential difterence 'luE 
and also one I” mF these two neutralize one another There is no 
potential difference EF Neither galvanometer is deflected The 
observer cannot know whethei the muscle is inactive or whether there 
is activity at its center of gravity 

If both z and x are active at the same moment we get two potential 
differences — IB which combine to a result- 


T 

ant ym Both galvanometers 1 and 2 are deflected One indicates 
negativity at E the other at B The observer can not tell whether he 
has a resultant potential difference due to stimulation at two points 
z and X, or a potential difference due to stimulation only at a point 
near y It is true that the potential difference due to stimulation at the 
two points z and a* is of greater magnitude than that due to stimulation 
at one point, y, only This might help him decide as to the exact point 
of origin of the stimulus, but it is very easy for the reader to see that 
as soon as we have to do with the origin and spread of electronegativity 
in a muscle mass extending in two dimensions of space, with two 
galvanometer leads, it becomes impossible to determine moie than the 
general direction of a resultant potential difference and its magnitude 
We must call in other data to aid us m finding the point of oiigin and 
in following the spread of the excitation process In the heart, for 
example, many points are stimulated nearly simultaneously and the 
spread is very rapid It is only by following the change m direction 
and magnitude of the resultant potential difference, combined with 
our knowledge of the architecture of the specific conducting system, 
that we can analyze the path of the spread m the human ventricle 
The above consideration of certain elementary cases is sufficient to 
show the reader that the problem of determining the points of a 
muscle which are m a state of excitation from galvanometer leads 
applied to points external to the muscle is not an easy one and that 
we cannot always determine each individual point We can determine 
a resultant potential difference by geometrical construction, following 
the method of combining vectors If the arrow representing the direc- 
tion and magnitude of this resultant vector is drawn through the 
center of gravity of the geometrical figure representing the object, its 
tail will point in the direction of the center of electronegative mass 
We desire to impress the reader with the fact that it is impossible 
to determine anything other than the magnitude and direction of this 
resultant vector of potential difference from the deflections of the 
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galvanometers both m these simple cases and in the more complicated 
case of the distribution of electronegativity in the human heart 
immersed in the conducting substances of the human body 

We have been considering potential differences in one or two 
dimensional muscles up to the present The heart is an object of 
three dimensions The three leads of electrocardiography he m the 
frontal plane and therefore they only indicate potential differences 
in this plane or the projection upon this plane of potential differences 
lying in other planes of space In other words, the electrocardiogram 
IS a frontal projection of electrical distribution in the heait just as the 
percussion figure, the orthodiagram or the roentgenogram of the heart 
IS a frontal projection of the mass distribution in the heart These 
projections appear sufficient at present for practical purposes 

The ventricle is a complicated system of twisted muscle fibers 
immersed in a conducting medium less simple than our cylinder of 
physiologic sodium chlorid solution Moreover, the excitation process 
in the heart does not start at one point and spread by muscle conduc- 
tion, but the excitation process starts nearly simultaneously at various 
points on the endocardial surface, spreading from here outward by 
muscle conduction ^ And finally the electi ocardiogram is recorded 
from leads I, II and III, or from right arm and left arm, right arm 
and left leg and left arm and left leg We shall, therefore, find it 
necessary to adopt a schematization of the human body as an electric 
conductor, and to make use of our knowledge of the architecture of 
the His-Tawara system and its terminal arborizations in order to follow 
approximately the spread of the excitation process m the heart 

Einthoven’- has given us a schema by means of which it is possible 
to determine the exact direction of the potential difference in the 
human heart from three synchronous leads at any time in a given 
heart cycle I have modified the method slightly so that it is possible 
to determine graphically from any two leads the exact direction of 
the potential difference m the heart at any desired moment By fol- 
lowing the changes in direction and magnitude of the vector repre- 
senting the potential difference in the heart, it is possible to follow the 
spread of electronegativity throughout the^^ieart 

Einthoven was aided in his search for a simple geometric form on 
which to base a schema of the distribution of potential in the human 
body by the fact that the potential differences between the right leg 
and the left leg aie of negligible magnitude m electrocardiography 
so that the two legs may be regarded as one isoelectric point ° He 
assumed that the distribution of potential on the surface of the body 

4 Lewis and Rothschild Phil Trans B 206 181, 1915 

5 Eintho\en Le Telecardiogramme, Arch internal de Physiol 4 149, 1907 
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when an electrical tension is present in the heart is similar to the 
distribution of potential in an equilateral triangle of good conducting 
material when a potential difference has been developed ver}^ near to 
its geometrical center Right arm. left arm and left foot (or right 
foot) represent the corners of the triangle If we accept this assump- 
tion of Emthoven’s as representing the actual conditions sufficiently 
accurately, it is possible to devise a method whereby we can tell just 
what direction the potential difference in the heart has at any gi\en 
moment, and also to determine a derived value of the electromotive 
force in the heart, the so-called “manifest value,” a value which bears 
a constant relation to the actual potential difference in the heart and 
which changes in value in exact ratio to the change in magnitude of 
the actual potential difference produced in the heart during each 
cardiac cycle 

The distribution of potential in an equilateral triangle is very 
simple if a potential difference has been produced at two points lying 
very close to its geometrical center If we lead off from the three 
corners of the triangle, then the potential differences between any 
pair of corners is to the potential difference between any other pair 
of corners as the projection of a line having the direction of the poten- 
tial difference at the center on the side of the triangle lying between 
the first two corners is to the projection on the side of the triangle 
between the second pair of corners, for example, in Figure 3, if we 
produce a potential difference having the direction A—^Bm the middle 
of the equilateral triangle R L F, then the potential difference between 
R and L is to the potential difference between R and F as the length of 
the line is to the length of the line An Bn 

We can find the real direction of the electrical tension in the heart 
at any phase in its activity from the synchronous heights of the elec- 
trocardiograms in two leads, and we can determine the magnitude of 
the potential difference in the heart as manifested at the body surface 
at this moment, if Einthoven’s equilateral triangle assumption is cor- 
rect If we examine the equilateral triangle (Fig 3) we can see that 
the lines AC and Ad are parallel and equal to the lines Aj^ B^ and An Bn, 
and that the perpendiculars dropped from their ends cut one another 
in B This rule holds for all possible directions of A B If we draw 
(Fig 4) two lines enclosing an angle of 60 degrees between them and 
make the ratio of the lengths of these lines the same as the ratio of 
the potential differences in lead I and lead II, let perpendiculars fall 
from their ends D and C, and connect th'e point of intersection B with 
A, then AB has the direction of the potential difference in the center 
of the equilateral tnangle, therefore in the heart The length of the 
line AB corresponds to the “manifest value” of the actual potential 
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Fig 3 — The equilateral triangle scheme R= right hand L= left hand 
F= foot AB= vector of potential difference in heart AiBi= projection of 
AB on RL Corresponds in length to the relative \ alue of lead I AsB = pro- 
jection of AB on RF Corresponds in length to the relatne \aliie of Lead II 



Fig 4 — Construction of direction and “manifest ^alue” of a potential dif- 
ference in the heart AC corresponds in length to Lead I AD corresponds in 
length to Lead II AB corresponds in length and direction to “manifest \alue” 
of heart potential 
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difference present m the heart, for Emthoven defines the “manifest 
value” of the potential difference actually present m the heart as the 
value which is found in one of three leads when the direction of the 
current between the leading off points is parallel to the direction of the 
potential difference in the heart The length of the line AB must 
correspond to the “manifest value” according to the above definition 
because the projection of AB upon a side parallel to it is exactly equal 
to AB Or, perhaps, it will be clearer if we think of the potential 
difference at the center of the equilateral triangle with the direction 
AB and with a value for lead 1 == A^ B^ gradually turning into a 
position parallel to RL In this case the value of lead I will come to 
equal the length' AB The “manifest value” is a very important magni- 
tude In each peison there is a definite and constant relation between 
the actual potential differences existing at the points of production in 
the heart muscle and the “manifest value” as determined above We 
shall probably never learn the actual value of the potential differences 
developed m the heart muscle The values obtained by placing elec- 
trodes directly on the heart are just as much derived values as those 
obtained by leading off from the limbs The electrical potentials 
present at two points of the heart’s surface are due to the algebraically 
added potentials produced by points of activity throughout the whole 
heart in exactly the same sense as the electrical potentials present m 
the limbs are due to the algebraically added potentials produced by 
these same points of activity The “manifest value” has a constant 
relation to the actual potential difference in the heart and therefore 
may be used as a measure of the actual potential difference The 
actual potential difference in the heart varies from moment to moment 
throughout the heart cycle according to exactly the same curve as the 
“manifest value ” To avoid any misunderstanding it is necessary to 
state here that the “manifest value” as determined above is the frontal 
projection “manifest value ” If the heart turns about an axis, the 
frontal plane projection will vary if the axis of rotation is not perpen- 
dicular to this plane The determination of the “manifest value” is 
just as important in analyzing the spread of the excitation wave in the 
heart as the deteimination o-f the direction of the potential difference 
The angle between the direction of the actual difference m the 
heart and the horizontal line connecting the points of attachment of 
the two arms to the body has been called oc by Emthoven It is the 
angle between AB and AC in Figures 3 and 4 cr is defined positive 
for the first 180 degrees m clockwise rotation from the direction of 
AC, and is defined negative for the first 180 degrees m anticlockwise 
direction from AC 
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The procedure of the author for finding the direction of the 
potential difference in the heart and its “manifest value” is as follows 
An angle of 60 degrees is constructed Along the horizontal side of 
the angle a distance equal in centimeters to the value of lead I in tenths 
of millivolts IS layed off Along the other side of the angle a distance 
is layed off whose length in centimeters equals the synchronous value 
of lead II in tenths of millivolts Perpendiculars are dropped from 
the end of these lines The point of intersection is connected with the 
vertex of the angle The length of this line in centimeters gives the 
potential difference corresponding to the “manifest value” for this 
moment In the cardiac cycle, the direction of this line gives the direc- 
tion of the resultant electromotive force present in the heart at this 
moment and the angle formed by this line with the horizontal line 
is the angle cc 

The schema of the equilateral triangle was only an assumption 
when propounded by Emthoven In 1914 I carried out some experi- 
ments in the clinical laboratory of the department of internal medicine 
of the University of Giessen with Professor Weber which demon- 
strated that the Emthoven assumption was accurate enough for pur- 
poses of electrocardiography Electrodes were placed in the heart of 
bodies whicli were waiting for necropsy The electrodes were isolated, 
except where they entered the heart Potential differences were 
developed in the heart by means of a storage battery connected to the 
electrodes By means of two string galvanometers the potential dif- 
ferences of lead I and lead II were recorded The electrodes were 
given various positions in the heart so as to produce various directions 
of potential difference in the heart These directions were determined 
for each position of the electrodes and the angle oc thus measured 
compared with the angle «: constructed from leads I and II by our 
method There was usually an agreement of better than 10 degrees 
between measured and constructed directions of the potential differ- 
ence in the heart In one case the measured and constructed direction 
of potential differed by about 20 degrees These experiments showed 
that Einthoven’s schema of the equilateral triangle is apparently 
accurate to zh 10 degrees, an accuracy sufficient for practical purposes 
These expenments were carried out on only two cadavers, but we 
belie\e that they demonstrated for the first time that Einthoven’s 
schema of the equilateral triangle is apparently accurate to ± 10 
degrees We can, therefore, make use of the method for determining 
the direction and “manifest value” of the electromotive force developed 
in the heart dunng the heart’s activity 
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It IS necessary to emphasize that only synchronous points in the 
three leads may be used for the construction It is not permissible to 
use the peaks of the R waves m two leads A difference of 001 
second in the phase of the oidinates may cause an error of 60 degrees 
111 the determination of the direction of potential in the heart The 
R peaks in the various leads are almost ne\ er synchronous as the reader 
will immediately appieciate when he considers that the R peaks repre- 



Fig S — A Ortliodiagram of normal heart with vectors of potential corre- 
sponding to various points of electrocardiogram B Direction of potential 
difference when all the subendocardial area of apex is electronegative and most 
of the basal subendocardial area is negative at time of R peak C Direction of 
potential difference ^\hen areas about three papillaries are electronegative at 
time of Q wave, the right papillary in this case having received the negative 
wave first because of shorter path D Direction of potential when all of the 
heart muscle is negative (both Purkmje and ordinary heart muscle) except a 
small volume of muscle about the right base 
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sent the maximum projections of a rotating vector of potential upon 
three lines whose directions \ary by 60 degrees It is often of advan- 
tage to use leads I and III or leads II and III instead of leads I and 
II in constructing the vectors of potential difference m the heart A 
glance at Figure 3 will show how the construction is made in each of 
these cases 

Figure 5 is the orthodiagram of a normal heart in which arrows 
have been drawn to represent the direction and “manifest value” of 
the electromotive force in the ventricle at five different phases of the 
v'-entricular systole These arrows were constructed according to my 
method and drawn through a point in the orthodiagram assumed to 
be close to the center of gravity of the ventricular mass The arrow - 
marked Q vas constructed from synchronous points on the two elec- 
trocardiograms corresponding to the apex of the Qi wave The arrow 

represents the direction and “manifest value” of the potential differ- 
ence m the heart 0 01 second later and the arrow Ri represents the 
direction and magnitude corresponding to the peak of the Ri wave 
about 0 02 second after the Q wa\e The arrow was constructed 
for a period corresponding to the apex of the S wave in lead I nearly 
0 02 second after the Ri peak The apex of the 6* wave in lead II 
was reached someu hat later, at which time the vector representing the 
direction and “manifest lalue” of the electrical tension m the heart is 
the arrou These arrows are sufficient to give us an idea of how 
the excitation \\a\e spread over the ventricle of this heart The first 
signs of ^entrlcular negativity is the Q wave This is the moment 
uhen the excitation process coming down the His-Tawara bundle 
shoots into the ventricles in areas of the subendocardium close to the 
three papillary muscles, the right papillary and the anterior and pos- 
terior of the left ventricle The direction of this arrow indicates that 
the preponderance of negativity at this moment is on the right side 
and more tovard the apex than the base of the ventricles The dis- 
tance traveled by the negative Ava\e along the right bundle branch 
to the point at w hich it spreads out m the subendocardial layers of the 
nght ventricle is less than the distance traveled along the anterior 
papillarj and the posterior papillary branches of the left ventricle to 
the points at vv hich these branches merge into the subendocardial 
layers of the left ventricle The right v^entricle is negative a short 
time before the left 

Figure 5" is a graphical representation of the frontal projection of 
a heart and the areas of excitation at the period of a heart’s cycle 
represented bv the Q vv'ave In the right v’^entncle there is an area 
somewhat larger than either of the areas in the left ventricle Assum- 
ing that the velocitv of the excitation wave in the subendocardial 
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lasers is two and one half meters and that the path to the two papillar}' 
muscles in the left ventricle is about one centimeter longer than to the 
papillary in the right \entncle 5 the size of the circles represents exactly 
the size of the areas in excitation about the right papillary and the 
two left papillar)' muscles The two short arrows represent the vec- 
tors of potential for the two ventricles and the long arrow represents 
the resultant potential difference in the heart The apical subendo- 
caidial layer in the right ventricle is practically all in excitation at 
this moment In about 0 004 second more the whole of the apical 
subendocardial layer in the left ventricle will be saturated with 
negativity 

About 0 01 second later the “manifest value” has increased and 
the vector has rotated into position This could only be brought 
about by an increase in negativity at the bases and an increase in the 
spread of the negativity in the left ventricle In other words, the 
negativity is spreading out m the subendocardial layers of the con- 
ducting system toward the base and in the left ventricle the lag due 
to the increased length of path is being overcome About 0 01 second 
later the arrow indicating the direction and “manifest value” of the 
potential difference in the heart has the direction and length Ri In 
other words, electronegativity has increased more rapidly at the base 
than the apex, and more rapidly in the left ventricle than in the right, 
the center of electiical mass is in the base of the ventricles a little 
more ton ard the left side than the right side of the heart 

Figure S'* is a graphical approximation of the relation of the excited 
or negative areas in the heart at a point in the heart cycle represented 
by the Ri peak The subendocardial apical areas are all negative now 
and the basal areas of the subendocardium in both ventricles are also 
nearly saturated with negatuity The amount in the left ventricles 
predominates slightly The Ri peak represents a point in the cardiac 
c}cle about 0 03 second after the beginning of negativity in the ven- 
tricles The path to the left ventricles is perhaps slightly longer If 
ue assume it to be one centimeter longer, the negativity gets into the 
left ventricle about 0 004 second after it has reached the right ven- 
tricle But the spread toward the bases of the \entricles has an advan- 
tage in the left \entricle, namely, there is a spread from two separate 
areas, the aieas about the two papillary muscles of the left rentricle 
In some cases this advantage in accelerating the spread of the negative 
uaie in the left \entncle will more than o\ercome the disadrantage 
due to the negativity reaching the left ventricle a very short time after 
It reaches the right ^ entncle This may be the explanation of the direc- 
tion of the vector i?i The size of the circles in this figure were deter- 
mined by considering the heart to be a very simple geometric figure 
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and using orthodiagraphic dimensions for calculating the size of the 
internal areas of the ventricles Of course the figures are merely 
graphical schemes to aid the imagination It still remains for some one 
to make geometrical studies of the form and dimensions of the ven- 
tricles and their topographical relation in space 

The reader who has followed the reasoning employed in the discus- 
sion of the elementary cases in the first part of this paper will inquire 
how the base can become more negative than the apex if the negativity 
first leached an area nearer the apex than the base There are a num- 
ber of possible explanations for this The centei of gravity is deter- 
mined by the distribution of muscle mass in space The heart can be 
likened to a hollow cone with a partition in it If the walls of this 
hollow cone were of equal thickness on both sides of the partition, and 
if the partition lay in the sagittal plane of the body it would be a 
simple matter to find the center of gravity by mathematical procedures 
As It IS, we can only say about wheie the center of gravity lies It 
must be somewhere between the upper thud and lower half of the 
septum and toward the left side of the septum A plane passed through 
the center of gravity parallel to the base will divide the heart into two 
muscle masses which, when negative, gives rise to potential differences 
of equal “manifest value” and opposite direction Because of the 
geometrical form of the heart, the area of the subendocardium coi re- 
sponding to the apical muscle mass will be smaller than the area of the 
subendocardium corresponding to the basal muscle mass 

The excitation ivave has a velocity in the subendocardial specific 
conducting layers which is from five to ten times the velocity in the 
heart muscle fibers themselves ^ The excitation process enters the 
apical side of the subendocardium first, causing preponderance of 
apical negativity, and it spreads throughout the apical subendocardial 
layei at a velocity of from two and one half to three meters per second 
At the same time it is spreading toward the base at the same rate The 
whole of the subendocardial apical area is negative first, and from here 
the excitation process travels into the real muscle fibers But it spreads 
here at a very slow rate, and very probably there is also a short pause 
for the transition so that in a very short period of time the whole of 
the basal subendocardial layer is negative, and as this -area is larger 
than the apical area there is more electronegativity at the base than 
apex 

The R peak would, therefore, indicate approximately the end of 
the spread of excitation on the inside of the heart From this point on, 
the electronegativity spreads from within outward About 0 015 or 
0 02 second after the R peak the 5’i peak is reached The arrow .Si 
indicates the “manifest value” and direction of potential at this 
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moment The rotation of the vector fiom Ri to vS"! can only be brought 
about by an increase in apical negativity of such magnitude that the 
base IS now only a very little more negative than the apex Just how 
the apical negativity increases so much more rapidly than the basal 
at this point can only be infened One assumption is that after the 
subendocai dial layers become negative there is a slight pause in the 
spiead of the excitation piocess from the peculiar Purkinje fibers 
into the heart muscle fibers This would be analogous to what always 
happens when the excitation process passes from one kind of tissue 
into another If this assumption is in accordance with the facts, then 
as the apical subendocardial layer of specific conducting fibers became 
negative a little sooner than the basal subendocardial aiea, the excita- 
tion process would pass over into the ordinary muscle fibers of the 
apex about as far ahead of the excitation piocess m the ordinal y fibers 
at the base as the excitation process in the apical subendocardial aiea 
was ahead of the excitation process m the Purkinje system at the base 
This assumption, which appears plausible, would explain very nicely 
the lotation of our vector tow^ard the apex and the production of the 
S wave in lead II If our assumption is coriect, the peak of the R 
marks the beginning of the spread of the excitation piocess in the 
leal heart muscle fibers and in areas neaier the apex than the base of 
the heai t 

The airow 6'ii is the vector for a point in the heart cycle alioiit 
001 second aftei The arrow has rotated still farther toward the 
apex At this point the “manifest value” is very small, shownng that 
nearly all of the heart muscle is negative oi excited with just a little 
more apical basal muscle in excitation With the spread of the nega- 
tivity to the remaining basal portions the spread of the excitation 
process is complete The whole heart is negative and the resultant 
potential difference in the heart is zero The galvanometers indicate 
no current 

We have attempted a graphical i epresentation of the excited heait 
muscle in Figure conesponding to the ^ii peak A small rim of 
heart muscle toward the base a little larger on the right side is still 
unexcited An explanation for this can be found m the fact that the 
path of conduction in the subendocardium to the base is the longest 
path, and therefore the heart muscle fibers here receive their negativity 
from the Purkinje system last We have assumed that the negative 
process m the basal subendocardial areas of the Purkinje system on 
the right side of some hearts lags a little behind the area on the left 
side because the negativity spreads from two points in the left ventricle 
Because of this the spread of negativity in the uppermost portions of 
the basal heart muscle on the right wull lag a little behind the spread 
on the left side in these hearts 
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This analysis of the spread of the electronegative wave in the heart 
IS in good accord with the known facts of the physiology of the heart 
Garten'^ has shown that if the intraventricular pressure in the left 
ventricle of the dog is recorded with a very sensitive manometer of 
extremely slight inertia and great speed of reaction," the first indica- 
tion of pressure development m the left ventricle comes about 0 025 
second after the beginning of the ventricular electrocardiogram and 
just before or just after the peak of the R The pressure developed 
IS at first ver)^ slight and becomes more marked farther down 
the catacrotic limb of the R The maximum of intraventricular 
pressure is reached very shortly after the QRS group is complete 
These curves of Garten suggest that small portions of the heart muscle 
are m contraction 0 015 second aftei the peak of the Q is reached 
and just before or at the R peak, and that the greater part of the heart 
muscle IS in contraction by the time the vSii peak is reached and before 
the end of the QRS group The small “initial vibrations” of tbe first 
heart sound also appear about 0 03 second after the beginning of the 
\entricular electrocardiogram and before the R peak or just after 
the R peak® The large vibrations of the first heart sound comes 
about 0 04 second after the beginning of the ventricular electrocardio- 
gram, or about 0 01 second after the R peak and before the vSii peak 

The early slow and slight rise m Garten’s intraventricular pressure 
cuives and the “initial vibrations” of the first heart sound curves are 
best explained as due to the contraction of the papillary muscles 
These muscles receive their excitation before the rest of the heart 
muscle, during the Q wave period and as the contraction of the heart 
muscle begins not later than 0 004 second after the electronegative 
waA e reaches it,® the papillary muscles are probably well m contrac- 
tion 0 03 second after the beginning of the ventricular electrocardio- 
gram Using 400 centimeters per second as the velocity of the propa- 
gation of the negative process m the ordinary heart muscle fibers, we 
calculate that the greater part of the papillary muscles must be in 
contraction 0 03 second after the electronegative process reaches 
their bases All the data at hand therefore agree very well with our 
interpretation that the Q wave represents the spread of the excitation 
process in the subendocardial Purkinje system of the apices 

The anacrotic limb of the R wave starts before the initial vibrations 

6 Garten Ztschr f Biolog 66 23, 1915 

7 The period of these manometers is onh’^ 0 003 second 

8 Bull Quart J Exper Phjsiol 4 289, 1911 Fahr Heart 4 147, 1912 

9 Kahn Arch f d ges Ph\siol 132 209, 1910 Garten Loc cit 
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or the earliest indication of pressure development in the \entricles 
The beginning of the R wave, therefore, does not represent the nega- 
tivity of the ordinary muscle fibers of the papillary muscles to any 
great extent It must represent some other process The direction 
of the ^ector of potential indicates that the process is spreading toward 
the base of the heart The anaciotic limb of the R is very probably 
associated with the spread of the negative process m the subendo- 
cardial Purkmje system toward the bases of the heart Of course, 
there is negativity m the ordinary muscle fibers of the papillaries 
before the R peak is reached But the papillaries are attached at 
points not far below the centei of mass of the heart and then upper 
end extends toward the bases When all parts of the papillary muscles 
are negative, the total effect on the direction of potential m the heait 
will be insufficient to neutralize the effect of the preponderance of 
subendocardial basal negativity 

The large vibrations of the first heart sound and the sharp rise in 
Garten’s intraventriculai curves, which come about 0 01-002 second 
aftei the R peak, are an indication that fairly large portions of the 
heart musculature are in contraction just before the S peak is reached 
If we bear in mind that even with the most delicate apparatus the 
mechanical activity of heart muscle lags 0 004 second behind the 
electrical activity, we can come to no othei conclusion than that the 
catacrotic limb of the R represents very closely the moment when the 
electrical activity of a large part of the ventricular musculature begins 
As our analysis shows that this cataciotic limb of the R indicates the 
development of electric negative potential toward the apex, it is very 
probable that the down stroke of the R to the S peak represents elec- 
trical activity beginning in the ordinal y muscle fibers of the apex of 
the heart and spreading toward the base 

Before proceeding any farther, we wish to emphasize that the R 
peak does not mark the beginning of the spread of the excitation in the 
ordinary muscle fibeis of the apex sharply The negative process 
coming down the mam branches of the His-Tawara system enters the 
ventricle at veiy small aieas from which points the spread in the sub- 
endocardial layers will proceed m all directions in such a way that the 
increase in negativity wnll be ver}^ nearly proportional to the squares of 
the time The curve of the spread of negativity in the ordinary muscle 
fibers of the heart will follow the form of the curve for the Purkmje 
system very closely The reader who is familiar with the graphs of 
functions will readily see how the curve representing the spread of 
apical negativity in the ordinary muscle fibers if it starts at a point a 
little before the time marked by the R peak mil only cause a little 
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flattening of the curve representing the resultant potential in the heart 
at first, but that as the negative process spreads more rapidly with time 
at about the moment marked by the R peak the resultant curve will 
begin to take a different direction 

We have not as yet taken into consideration the fact that the maxi- 
mum of negativity at a point is not present instantaneously but needs 
a short time for full development This fact would not cause any 
modification of our views, as the time for full development of electro- 
negatn ity at a point is very short and would onlj tend to prolong the 
electrical curve for a given set of fibers farther into the curve for a 
succeeding set and into the curves of mechanical activity Thus the 
end of the anacrotic limb of the R would represent further develop- 
ment of negativity at points of the basal subendocardium which had 
received their electronegativity a short period before 

There is one more test of the plausibility of our interpretation 
Lewis and Rothschild^ have shown that the velocity of conduction in 
the Purkmje system is about from 2 5 to 3 meters per second, and 
about 400 millimeters per second in the ordinary muscle fibers of the 
heart Measurements of the distance from the point where the His- 
Tawara system spreads out into the arborizations of the Purkinje 
s\ stem to the farthest point on the subendocardium of the apical layer 
gne a conducting path of about 3 cm It would take the electro- 
negatn e wave about 0 01 second to reach all parts of the apical sub- 
endocardial Purkmje system From the beginning of the ventricle 
electrocardiogram to the Q peak is from 0 01 to 0 015 second, a result 
which agrees very well with the above measurements The distance 
from the base of the papillary muscles to the farthest points in the 
basal subendocardium m normal hearts is from 6 to 8 cm This w^ould 
give a conduction time of about 0025 or 0 03 second Ftom the 
beginning of the ventricle electrocardiogram to the peak of the R is 
about 0 03 second Another very good agreement of the facts of 
velocity of conduction and distance of conduction with the interpreta- 
tion of the R which w^e have given The thickness of the basal muscu- 
lature can be taken as 12 mm m the thicker parts This would require 
0 03 second for conduction of the wave from within outward From 
the R peak to the end of the 5“ wave are 0 03 or 0 04 second Another 
good agreement of the “interpretation of the .S' w’^ave with the experi- 
mental facts The calculated times of conduction are all slightly 
shorter than the corresponding time as derived from the R peak and 
the end of the 5' w'^ave This is probably due to the fact mentioned 
abo\ e that the negativity takes a short time to develop to its maximum 
at a point 
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According to our analysis of this electrocardiogram which has an 
5" wave in lead II, and where the vector corresponding to ^ii indicates 
greater negativity at the apex of the heart than at the base, the base 
must receive the last increment of action negativity This fact of the 
negativity appearing last at the base is m good accord with Einthoven’s 
explanation of the T wave 

For a short period following the 6" wave there is no resultant 
potential difference in the heart despite the fact that the whole of the 
heart is in activity This we have already explained as due to the 
fact that the summation of all the potential differences throughout the 
whole muscle mass when added as vectors must be zero There is, 
therefore, no potential difference produced m parts external to the 
heart The T wave indicates that there is a resultant potential dif- 
ference present in the heart within a very short interval following the 
6^ wave We shall follow the Emthoven^° view in explaining the T 
wave The view held by some that the T wave is related to the con- 
traction of the muscle and the QRS group to the spread of the excita- 
tion process is not in accord with the facts for the contraction process 
begins a few hundredths second before the T wave and the ventricle 
pressure curve shows a lelaxation of the contraction just about where 
the T wave starts 

Some have thought that the T wave was the expiession of a diffei- 
ent process, for example, a metabolic process This again does not 
agree with the facts, for we would expect the metabolic process asso- 
ciated with the heart’s contraction to precede the contraction or to 
follow It The T wave begins after the contraction process and ends 
just a moment after the second sound 

In our opinion Einthoven’s explanation is the only logical one 
Accoidmg to Emthoven, the negative process after reaching its maxi- 
mum about the end of the QRS group begins to die out It dies out 
more slowly m certain parts than in others, and thus leaves a residual 
preponderance of negativity at the parts where it begins to decrease 
last The decrease m negativity will be a much slower process than 
the increase All curves of muscle activity, whether of the action 
curient or the contraction process, show a sharp rise, a short period 
of maximum and a slow decline of the curve to the initial position 

If we think of our orthodiagram of the ventricle as divided by a 
horizontal line PR running through the center of gravity (Fig 6) and 
the arrow as representing the resultant potential differences in the two 
parts, these arrows ha\e opposite directions and equal lengths during 
the period following the QRS gioup and before the beginning of the 
T wave, for the lesultant electi omotn e force m the wdiole heart is zero 


10 Eintlio\eii Arch f d ges Phvsiol 122 517, 1908 
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at this time If we assume the negativity now begins to die out in the 
lower portion of the heart projection, we may draw the curve ABC 
shown in Figure 7 to represent the dying out of negativity in the apical 
portion About 0 02 second later the negativity begins to decrease in 
the basal portion according to the curve HDE The difference in the 
ordinates of these two curves is the cun^e FTG The curve FTG 
approximates very closely the T wave of the electrocardiogram in lead 
II of the heart, whose orthodiagram and electrocardiagrams have been 
used for this analysis of the spread of the excitation process in a normal 
heart The construction of Figure 6 was determined as follows The 



Figure 6 


direction of potential difference in the heart was found for a number of 
points on the T wave in lead I and lead II The values of an angle cc 
for various points lay between 82 and 93 degrees The angle cc for 
various points along the T wave is not constant, but if we select an 
angle <x equal to 86 degrees it will represent the direction of potential 
in the heart during the period of time in which the T wave is recorded 
with sufficient accuracy for every practical purpose The angle made 
by the arrow BC, shown in Figure 6, with the line PR is an angle cc 
equal to — 86 degrees and the angle a made by the arrow AC with 
the line PR equals 86 degrees 

11 In order to make the curve FTG large enough for publication we have 
multiplied the differences between the ordinates of ABC and HDE by 4 



r'UJR-SPRIZAD or EXCITATIO\ ]V iVL 


167 


In constructing Figure / it ^^as nccessar} to find two cur\es ABC 
and HDE, which would represent the disappearance of negativit} in 
the two portions of heart muscle m such a w'ay that when the one 
cur\e, HDE, begins about 0 02 second after the other curve, ABC, the 
difference in their ordinates makes a cur\e closely approximating our 
T w^ave In the drawing the distance between the ordinates equaF 
0 020 second, and between the abscissae 1 millivolt The ordinates 
of the curve FTG are 1 millivolt equal to the distance between 4 
abscissae This change m scale was only necessary m order that the 
T w^a\ e reproduce large enough We wish to emphasize that our con- 
struction IS purely hypothetical and based on Einthoven’s explanation 
of the T wave This explanation is the only one which is m accord 



Fig 7 — ABC IS the cune of disappearance of negatuitj in caudal portion 
of heart represented in Figure 6 HDE is the cur\e of disappearance of nega- 
tivitj m the portion of the heart abo\e line PR of Figure 6 FTG is resultant 
potential difference in heart found by adding ordinates of ABC and HDE, and 
multiplying by four in order to make FTG large enough to show well in die 
reproduction 


wuth all the known facts of physiolog), and for the present should be 
used as a working Itypothesis Mines^" has shown that by heating the 
apex of the tortoise ventncle he could shorten the period of apex 
negativity In the tortoise heart the T w^ave w'as negative before heat- 
ing, and after heating it became upright and had the form of the T 
w’ave of the human electrocardiogram Thus by prolonging the base 
negativity ne got the t}pe of T w'a\e shown in the normal human 


12 Clines J Plw^iol 48 242 1913 
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electrocardiogram This seems to be \ery good experimental evidence 
for the correctness of the explanation represented in Figure 7 If it 
were possible to cool the apical portion of the heart represented in 
Figure 6, thus prolonging the negativity m this portion and in con- 
sequence both shifting the curve ABC m figure 8 to the right and 
reducing its slope, we would get a negative T wave m the resulting 
electrocardiogram 

The electrocardiograms of five normal hearts have been analyzed 
by the above method and the same t)'pe of propagation of the electro- 
negative process has been determined for all It so happened that all 
of the synchronous records taken by us showed Q waves in leads II 
and III, and 5" waves in leads I and II A Q wave in lead I would be 
associated with a shorter path to the left ventricle than the right ven- 
tricle, or a position of the right papillary to the left of the center of 
mass We are not in possession of an electrocardiogram showing this 
type of propagation m a normal heart, but we have seen them in the 
collections of other electrocardiographers Some electrocardiograms 
from normal hearts apparently show no S' \yaves m leads I and II We 
need not infer a fundamentally different type of propagation for these 
cases Either the vector representing apical preponderance of nega- 
ti\ ity lies in or nearly in a sagittal plane and therefore has little influ- 
ence on our frontal leads or the spread of negativity from the apical 
Purkinje system into the ordinary muscle fibers is so little ahead of 
the spread into the basal muscle fibers that the net result is simply a 
rapid descent of the R wave with a gradual decline in its gradient 
toward the end In other words, the apical muscle fibers receive th'eir 
negativity first, causing a neutralization of the basal negativity due to 
the excitation m the basal Purkinje system, but the ordinary basal 
muscle fibers receive their negativity also a very short time after the 
apical, and in this case the lag of negativity at the base is so small that 
the sharp descent of the R is soon changed into a less steep gradient 
and does not end with an 6' wave 

Some electrocardiograms do not show a Q wave in leads II or III 
In these cases we infer that the papillary muscles he high up on the 
ventricle walls so that the spread of negativity toward the base is more 
rapid than toward the apex 

Figure 8 is the orthodiagram of a heart showing left ventricular 
dilatation and hypertrophy in a patient suffering from myocardial 
degenerahon The electrocardiogram was the typical electrocardio- 
gram of so-called left ventricular preponderance, high Ri and deep 
^■iii The term “left ventricular preponderance” does not apply to the 
electrocardiogram as the arrows in Figure 8 show, for they indicate 
that the characteristic form of this electrocardiogram is determined 
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by a preponderance of electronegativity in the right side of the heart 
This IS to be explained as follows The dilatation and h>pertrophy of 
the left ventricle cause an increase in the normal length of the His- 
Tawara bundle branches in the left ventncle The increase in length 
of conducting path is accompanied by increase m time of conduction 
to the left ventricle The right ventncle, therefore, gets its negativity 
0 01 or 0 02 second earlier than the left ventncle and this determines 
the direction of the vector As the left ventricle increases in negativity 
it merely compensates the right ventricular preponderance until the 
moment when the whole of the right and left ventricles are negative 
and the resultant vector is zero 



Fig 8 — Orthodiagram of heart i\ith predominating left ^entrIcular enlarge- 
ment ivith vectors of potential corresponding to ^anou 5 points on electro- 
cardiogram 

In Figure 8 it will be seen that Q indicates negativity of the left 
side of the heart We are at present unable to explain this, excepting 
on the assumption that in this case the dilatation and hypertrophy 
took place in such a way that the right papillary muscle came to have 
a position to the left of the center of gravity If we recall the topog- 
raphy of the heart ue see that the septum does not run m a sagittal 
plane, but in a plane lying between the sagittal and frontal planes 
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In other words, the right ventricle overlaps the left to a certain extent 
in a frontal projection This overlapping must be increased in certain 
types of dilatation of the ventricle through the increase in size of that 
portion of the left ventricle lying behind the right ventricle in frontal 
projection The right papillary muscle comes off the septum near its 
anterior border It could very well be, that in certain forms of dilata- 
tion of the left ventiicle, the right papillary muscle comes to he to the 
left center of gravity of the heart muscle mass From this point the 
negative piocess spreads throughout the right ventricle a little ahead 
of the spread in the left We would then get vectors corresponding 
to those in Figure 8, which is not a pure left ventricular dilatation 
The patient was decompensated and showed signs of beginning relative 
mitral incompetence 

We have analyzed about twenty electrocardiograms of patients with 
systolic blood pressures ranging from 250 to 320 mm of mercury 
At the time the records were made none of them showed signs of 
mitral incompetence, and the roentgen rays indicated that the increase 
in size of the heart was due very largely to dilatation and hypertrophy 
of the left ventricle The electrocardiograms of all showed a high Ri 
and deep ^iii and the construction of the direction of potential differ- 
ence m the heart showed that the form of the electrocardiograms was 
due to a preponderance of electronegativity in the right ventricle 
throughout the period of the QRS group due to increase in length of 
the path of conduction on the left side Most of these cases showed 
no Q as in Figure 8, the arrows pointing toward the left from the 
moment that the excitation process got into the ventricles 

To my mind there is no question that the form of the electro- 
cardiogram in pure left ventricular dilatation and hypertrophy always 
shows a high Ri and deep 5'iii, and an analysis shows that in these 
cases the form is due to preponderance of right ventricular negativity 
In Figure 8 the potential difference Rn was present in the heart about 
0 01 second after Q Rii was followed by Ri in about 0 01 second 
Tii followed m another 0 02 second and 5'i in another 0 01 second 
The duration of the QRS group from the beginning of the ventricle 
electrocardiogram to the point where the catacrotic limb of the 5 ended 
\\ as 0 08 second In most of the electrocardiograms of pure left 
ventricular enlargement of our collection the duration of the spread of 
negativity m the ventricles is longer than this, from 0 10 to 0 12 
second This increase in length of time of the propagation of the 
excitation process in these hearts must be ascribed to the lengthening 
of the path in the left ventricle and in the increased thickness of the 
walls Most of the electrocardiograms of predominating left ven- 
tricular enlargement in our collection have negative T waves in lead I 
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and positive T ^\aves in lead III This indicates that the ncgatnc 
piocess lasts longest at the left base, and \%e can infer from this that 
the left base recened its negativity last Of course we can not infer 
too much from the T wave m these hearts, for the musculature is no 
longer normal in them 

Just as our construction of the direction of the potential difference 
in the heart has shown that it is the preponderance of right \cntncular 
negativity that determines the form of the electrocardiogi am m pure 
left ventricular enlargement due to an increased length of the path of 
conduction m the left ventricle, so also our analysis of electrocardio- 
grams from bundle branch lesions has shown us that the prevalent 




Fig 9 — Orthodiagi am of heart with mitral stenosis and tricuspid insufliciencj 
with lectois of potential corresponding to lanous points on electrocardiogram 
Time in seconds after onset of lentncular electrocardiogram 

conceptions here also are wrong. A high Ri and deep ^iii means left 
bundle branch block, for the vectors show that the right heart is nega- 
tne first and that as the left heart becomes negative the right sided 
preponderance is neutralized and the resultant approaches zero Vice 
versa, a high Riii and deep Si m bundle branch block indicates right 
bundle branch lesion for the construction of the direction of the 
potential difference m the heart shows that the left side is negatne 
first and the vector is swmng tow'ard the right about 0 05 or 0 06 second 
after the beginning of the electrocardiogram 
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In a purely right ventricular dilatation and hypertrophy the electro- 
cardiogram shows a deep Si and high i^iii In case there is both left 
and right sided enlargement the same is true, provided that the right 
sided enlargement is greater than the left sided enlargement Con- 
struction of the direction of potential in the ventricles shows that m 
these cases the left side of the heart is negative first and that the right 
ventricle receives its negativity later because the increase in size of 
the right ventricle necessitates a greater length m the right bundle 
branch and m the path of the spread in the subendocardial system of 
Purkinje fibers Figure 9 is the orthodiagram from a case of mitral 
stenosis with relative tricuspid insufficiency Into thejroentgenogram 
of the heart the arrows have been drawn as usual In this drawing 
the negative ends of the arrows are not marked as Q, R and S, but 
the time after the beginning of the ventricle electrocardiogram has 
been used to designate the arrows The negativity begins in the left 
ventricle toward the apex and then spreads to the left base The 
velocity of the propagation is very slow, probably both because of the 
increased length of path and because the heart muscle has been 
damaged Necropsy measurements of the length' of the right bundle 
branch down to near the papillary muscle showed it to be about 2 cm 
longer than either of the left bundle branches In other words, the 
left heart receives its excitation wave about 0 01 second before the 
right ventricle The average of measurements from the neighborhood 
of the papillary muscles to the base of the heart showed that the path 
in the dilated right ventricle was about 31/2 cm longer than in the left 
These measurements show that the left side of the heart must get its 
negativity first, and that in so-called “right ventricular preponderance” 
we really have a left ventricular preponderance of action negativity 
shown m the electrocardiogram 

CONCLUSIONS 

1 The method of the equilateral triangle is sufficiently accurate for 
determining the frontal plane projection of the direction of the poten- 
tial difference in the human ventricle and its “manifest” or maximum 
derived value 

2 It is possible to follow the spread of the excitation process 
throughout the ventricles by following the change of direction of the 
vector of potential difference throughout a heart cycle and by making 
use of our knowledge of the architecture of the His-Tawara-Purkinje 
system, of the approximate rates of conduction of the negative process 
in this sj'^stem and m the ordinary muscle fibers and of the time of 
onset of the first heart sounds and ventricle pressure curve 
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3 1 lie excilalion ])rocess begnming fir'll in the subendocardial 
layers of the Purkinie system in the neighborhood of the papillar\ 
muscles, usuall} a little earhei in the right ^entncle spreads first to 
the apical layers causing the Q wa\e The excitation process is quickh 
condueted to the basal arborizations of the Purkmje s}steni gnmg ii'^e 
to the anacrotic limb of the R While the excitation process is being 
jiropagated through the basal Pnrkinje S 3 ’^stem the process in the apical 
aiea of the Purkmje system is spreading to the ordinary muscle fibeis 
of the apex By the time the peak of the R is reached the negativikv 
111 the ordinary muscle fibeis of the apex is of sufficient magnitude to 
neutralize the preponderance m the basal Purkmje arborizations and 
cause the catacrotic hnib of the R and the 6" peak The process mean- 
while IS passing from the basal Puikinje system into the ordinal y 
muscle fibers of the base Then negatnity increases until the effect 
of the apical fibers is countei acted and the .S' wave is i educed 

4 The negative process begins to die out at the apex first leaving a 
preponderance of negativity at the base This gives rise to the T wave 

5 The form of the electiocardiogram m hearts which ha^e left 
sided enlargement is due to the increased length of conducting path m 
the left ventricle The right ventricle receives its negativity first 

6 In right sided enlaigement the left ventricle receives its nega- 
tivity first because the path of conduction to the right \entricle is 
longei The form of the electrocardiogram in these cases is due to a 
pi eponderance of negativity on the left side 

7 The diagnosis of light and left bundle branch lesion as com- 
monly made is probably wrong In left bundle branch lesion we should 
find a high R in lead I and deep 5" in lead III In right bundle branch 
lesion we get a deep 5 in lead I and high R m lead III 



A CLINICAL STUDY OF YELLOW FEVER 

OBSERVATIONS MADE IN GUAYAQUIL, ECUADOR IN 1918 
CHARLES A ELLIOTT, MD 

CHICAGO 

The following report is based on the study of about seventy cases 
of undoubted yellow fever admitted to the lazaretto’^ of Guayaquil, 
Ecuador, from July to September, 1918 Fifty consecutive cases, 
including all grades of seventy, admitted during the latter part of the 
investigation, were studied carefully according to a definite plan 

The cases observed by no means represent all the cases that 
occurred in Guayaquil during the period of study, for not all yellow 
fever patients were concentrated m the lazaretto by the authorities 
An attempt was made to obtain early cases One patient was 
admitted during the first day of his illness, ten hours after an abrupt 
onset, eleven patients were admitted on the second day, and thirteen 
on the third day The others were admitted on various days and as 
late as the ninth day Nine cases were considered light and forty-one 
as severe cases Eleven patients were admitted m extremis, dehiious 
or comatose 

EPIDEMIOLOGY 

Guayaquil is an endemic center of yellow fever While no infor- 
mation IS available as to the total number of yellow fever cases in the 
city during the period of this study, there undoubtedly were many 
cases of all grades of severity During 1917, 226 patients were 
admitted to the lazaretto Of these, sixty-seven died 

The patients in this series were, for the most part, from the poorer 
classes Five Yere soldiers recently recruited from the interior, 
eleven weie servants There were nine children The others Avere 

* Read before the American Society of Tropical Aledicine, Atlantic City, 
N J, June 17, 1919 

* This clinical studj' of yellow fever is part of an unpublished report sub- 
mitted to the International Health Board of the Rockefeller Foundation which 
appointed the following commission for the study of yellow fever during the 
summer of 1918 Dr Arthur I Kendall, chairman , Dr Hideyo Noguchi, bac- 
teriologist , Dr Mario G Lahrado, sanitarian , Mr Herman E Radenbaugh, 
chemist, and Dr Charles A Elliott, clinician 

1 The jellow fe\er hospital is conducted as a part of the sanitary service 
of the municipalitj I wish to express my thanks to Dr Leon Becerra, director 
of the sanitar> service of Ecuador, to Dr Wenceslao Paraja, chief of the 
medical sen ice, and to Dr Jorge Larrea, director of the laboratories, for 
dailj consultation and adi ice 
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hou^twwits ';mall ■shopkeepers, laborer-;, policemen etc A hu-;band 
and w ife, and a brother and sister arc included Of fort\ -nine patients 
only luo \scre natnes of Guayaquil, nine had h\ed in Guayaquil for 
less than two months, the others came principally from the mountain 
pro\mces m the interior, eleeen from Ambato, se\en from Quito. si\ 
from Cuenca, four from Latacunga and three from Riobamba 

The houses from which the patients came were found to be quite 
evenly distributed throughout the city (Fig 1) In four instances 
two or more patients came from the same house, a military hospital. 



Fig 1 — Spot map of Guayaquil <;ho\Mng distribution of iort}-se\en of filty 
consecutne cases admitted to the lararctto 


a militai) barracks and two pruatc homes The homes of the patients 
were made of cane wood or corrugated iron, tisnalh two stones high, 
tlie giound floor was constructed of mud or wood \boiit an equal 
number of patients Ined on the ground floor and on the second floor 
The t\pe of house seemed to ha\e little influence on the incidence of 
infection Xouc of the houses locic saccncd Tnouir} showed that 
mosquitoes often in great numbers, were present in all of the houses 
The common house mosquito Aedcs calopus Meigs {Stcgomvia calo- 
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pus), was found breeding m these homes Bedbugs were common and 
head lice were found on most of the women and children admitted to 
the hospital Thirteen of thirty-one patients habitually went bare- 
footed, and many were admitted with numerous sores on the legs 
from infected mosquito bites 

While the mosquito, Aedcs calopus, Meigs, has been considered 
the chief, if not the only, means of transmission of yellow fever, other 
means, such as direct transdermic infection, seem possible in view of 
the apparent similarity of yellow fever and infectious jaundice That 
there were many habitually barefooted patients with infected sores 
and that yellow fever was expenmentall)’’ produced in animals by 
Noguchi by inoculations through the unbroken skin, would seem to 
support this view 

It seems fitting to call attention to the discovery by Noguchi- of a 
minute organism m the blood and tissues of these patients He has 
pro\ isionally called the organism the lepfospua icte} aides He was 
able to transmit the organism to experimental animals by the injection 
of blood and of tissue emulsions from yellow fever cases, producing ' 
in guinea-pigs clinical and pathologic manifestations similar to those 
found in the human cases By special methods these organisms were 
obtained in pure culture They resemble the causative agent of infec- 
tious jaundice morphologically, but are distinct immunologically 
Injections of pure cultures into guinea-pigs produced symptoms and 
lesions closely paralleling those of human yellow fever From the 
blood, Iner and kidneys of guinea-pigs inoculated with blood from 
yello\A fe\er patients, organisms identical with those isolated from 
human blood were found The disease was readily transmitted from 
animal to animal 

GENERAL CLINICAL DESCRIPTION 

The clinical picture of yellow fever as seen in these cases was 
most striking Noteworthy were the rapid onset and progress of the 
disease, the usually low and short fever course accompanied by 
bradycardia congestion of the face, sclerae and gums , the subsequent 
afebrile period of apparent intoxication with increasing jaundice, 
hemorrhage and nephritis Prompt death or rapid and complete con- 
valescence resulted The whole course of the disease was short The 
patients \\ ho had light infections reco-v ered, on an average, by the end 
of the first i\eek, the patients who had severe infections recovered by 
the end of three weeks In fatal cases death occurred as early as the 
fourth and as late as the eighteenth day, on the average on the eighth 
day 

2 Noguchi H Etiologj of Yellow Fe\er T Exper M 29 547, 1919, 

30 1, 87 401, 1919 
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I'cxei ^\a‘^ ])rc‘-cni for the fir*.! few da}*: onh a*: a rule dropping to 
nonua] on the fiftli bixth or sc\cnth ela} The patient*' with liijht 
infections then reco\ered rapidl}, while thobc, with severe infections 
weie desj^er.iteh ill during the afebrile period of intoxic.ition 

It seems jiroper to speak of two periods first the period of luziiuoji 
of four or five days’ duration with fever. conge':tion headache, back- 
ache epigastric and general abdominal pain and tenderness muscle 
tenderness, nausea and vomiting During this period the patient is 
levciish, the face and conjunctivae are suffused, the gums are swollen 
The p.itient is restless and apprehensive The urine shows increasing 
evidence of nephritis w'lth progressive!} inci easing albuminuria and 
cvhndruna Tlie general congestion gradual!} giv'es wa} to tlie second 
jieriod, apparently one of degeneration during which the patient is 
extreme!} toxic, relaxed and weak Jaundice increases to an extreme 
degree, and nausea with vomiting often "black vomit’ occurs 
Hemorrhages occur from aii} source gums, gastro-intestinal tract, 
nose, urinary tract or uterus and into the skin or conjunctivae These 
hemorrhages may be slight and intermittent , as, in the skin, from 
petechite to areas several centimeters in diameter, or occasionally, as 
epistaxis or nosebleed The hemorrhages may be continuous and 
alarming as from the gum edges, nose, or as repeated "black vomit” 
and melena There may be free bleeding from an abraded skin sur- 
face, from the uterus, or from the urinary tract 

There is much general abdominal tenderness, especially m the 
epigastrium The livei edge is exquisitel} tender The patient com- 
plains of headache, backache and general aching of the extremities 
The stomach is intolerant of food Persistent vomiting often occurs 
Uicmic symptoms frequenth develop Diminution of urine or com- 
plete anuria occurs aPo restlessness headache, hiccup, delirium, stupor, 
coma and convulsions Albuminuria increases to an alaiming extent 
From a trace of albumin on the second dav there may be an increase 
to 4 or 5 gm per liter on the seventh da} coincident with intense 
cvhndruna mostlv of granular, blood or eiiithelial casts, paralleling 
the albumin Fetor ex ore mav become intense and characteristicalh 
the odor of the deadhou‘:c The puke is full soft slow, frequently 
diciotic becoming fast in extremis 

The patient ma} die during the second vv eek apparentlv uremic, or 
convalc‘:cence ma} ensue rapidlv while the laundice increases In the 
latter event hemorrhages cease the gingivitis subsides 411 mucous 
membranes appear jaundiced and anemic the abdomen is retracted and 
less tender The patient appears dried out emaciated hungr} 
\lbumm and casts disappear rapidlv from the urine The patient 
asserts that he is well after two or three da}s and wishes to be up and 
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about Strength and body weight are rapidly regained Convalescence 
IS rapid and apparently complete m a very few days 

CLINICAL FINDINGS IN DETAIL 

Anamnesis — The symptoms were fairly uniform In uncompli- 
cated cases, a precipitous onset was the rule A feeling of uneasiness, 
particularly m the epigastrium, and aching of the head, back and 
extremities were first noticed Fever developed rapidly, often pre- 
ceded by a chill or chilliness Nausea and vomiting frequently occurred 
from the start, the vomit being usually “bilious,” although “black 
vomit” was sometimes present as early as the second day Fever, 
headache, backache, general muscular and epigastric tenderness or 
pain, nausea and vomiting persisted m various combinations until 
admission to the hospital 





Fig 2 — Severe case (Case 47) with recovery Girl, 7 years of age, on 
fourth daj' of disease Multiple hemorrhagic areas into the skin are shown 

Certain patients who had been suffering from malaria for varying 
periods, gave a history of unusual symptoms, such as the onset of 
nausea, lomiting, epigastric tenderness, head and backache, and per- 
sistent fe\er In such cases the diagnosis was uncertain until typical 
manifestations of yellow fever developed 

Physical Examination — On admission, the patient appears restless 
with anxious expression, the face is flushed, the conjunctivae are 
injected, the gums are swollen and bleed easily on pressure Hemor- 
rhages into the skin are found occasionally (Fig 2), varying from 
0 1 cm to sei eral centimeters in diameter They are usually irregular 
in outline Infected mosquito bites on the forearms or legs are seen 
frequently The mucous membrane of the mouth is congested Herpes 
labialis was present only in two cases The lymphnodes are not 
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enlarged The lungs, except in terminal hypostasis or pulmonary 
edema, are clear The heart is usually normal Occasionally, during 
the height of the disease, a precordial systolic murmur was heard, and 
rarely premature contractions were noted The abdomen is ^usually 
diftusely tender , the epigastrium and liver edge are exquisitely tender 
The liver w'as not definitely enlarged, except in a few^ cases The 
spleen is not palpable in most cases of frank yellow fever , it was 
definitely enlarged only in suspected malarial cases Tenderness on 
pressure over the kidney region in the flanks is usually marked The 
skeletal muscles are ordinarily tender during the entire course of the 
disease 

During the second period of the disease the patients are usually 
quiet, relaxed, jaundiced, weak, apparently dried out and very ill 

There is a loss of body w^eight, averaging about one pound per 
day during the actne course of the disease The most marked loss 
of w'eight recorded was 17% pounds in sixteen days With the onset 
of con\ alescence the normal w^eight is regained promptly 

Tempo atwe — The fever is relatnely low, continuous and usually 
of short duration After reaching its height on the first day, the tem- 
perature remains remarkably constant for three or four days and then 
gradually drops to normal from the fifth to eighth day In a few cases 
observed early a slight remission on the second or third day was noted 
The fever usually lasts about a week In four patients it was normal 
on the fourth day In three apparently uncomplicated cases it remained 
elevated until the eleventh day When the patient’s condition appears 
grav^est the temperature is usually normal or slightly subnormal 

Pulse — ^The pulse rate is usually relativ ely slow during the febrile 
period, in proportion to the fever curve Early and during the post- 
febrile period the pulse rate is proportional to the temperature curve 
The bradycardia is moderate and relative, rarely absolute A pulse 
rate of 50 or less was observed fourteen times and constituted a grav e 
sign Eight of these fourteen patients died , the others recovered after 
ver) severe courses A terminal rise m the pulse rate is the rule 
The pulse is usually full, soft and regular, occasionally dicrotic and 
rarely intermittent 

Rcspv ahon — In the first few days of the disease there is a sub- 
jective dyspnea of vv^hich the only objectiv^e evidence is an occasional 
deep sighing respiration together with a peculiar whistling expiratory 
note Except for this dyspnea, the respiration in the light and moder- 
ately severe cases was apparently normal through the entire course of 
the disease In the severe cases, those that were evidently uremic, a 
variety of respirator}^ abnormalities were encountered Deep expira- 
tions, accompanied bv moaning and groaning, were common , air hunger 
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of maximum intensity, lasting irregularly for hours, or Cheyne-Stokes 
respiration, typical or variously modified, were common as terminal 
e\ ents 

Jaundice — Jaundice is a constant though variable manifestation in 
all cases It is usually proportional to the severity of the disease, 
inconspicuous in most of the light cases, although sometimes marked 
as compared to other manifestations, and intense m the severe cases 
It appears, as a rule, on the third or fourth day, occasionally as early 
as the second day A maximum intensity is reached about the tenth 
day and continues well into convalescence Jaundice was still intense 
m some cases at the time of discharge when the patient was otherwise 
apparently well In three light cases it appeared for the first time 
during con\ alescence, on the eighth, tenth and fifteenth day, respec- 
tively Fifteen patients were admitted before jaundice had appeared 
All patients admitted in extremis were intensely icteric 

The pigmentation is first noted in the congested conjunctivae, 
increasing as the congestion disappears The skin and mucous sur- 
faces are discolored later Skin jaundice was sometimes difficult to 
detect because of the dark complexions of the patients The blood 
serum and the urine are often markedly pigmented, out of proportion 
to the degree of jaundice evident elsewhere, and remain so for a 
longer time 

The jaundice itself is apparently nontoxic, skin itching does not 
occur On only two occasions weie patients observed scratching the 
skin, although attendants were constantly watching for this manifes- 
tation At the end of convalescence intensely jaundiced patients appeal 
to be free from obvious toxic symptoms 

The jaundice is apparently primarily of the dissociated type The 
blood serum of all patients definitely pigmented gives a positive, often 
intense, Gmehn test for bile pigment, only four of ten serums tested 
ga\ e a weakly positn e Pettenkofer test for bile salts on aqueous 
dialysates 

The urine, aluays intensely pigmented, uniformly gives an intense 
Gmehn test for bile pigment but a negative or, at most, a faintly 
positn e. Hay or Pettenkofer test for bile salts In all markedly jaun- 
diced patients the foam of the urine is definitely ■yellow Some speci- 
mens show ed evidence of large amounts of urobilin, although some of 
the most intensely pigmented urines show ed none 

The stools, in a few^ cases w^ere distinctly clay colored, but in most 
cases they w ere dark browm and contained much blood 

From the clinical and postmortem evidence one must conclude that 
the degenerated Iner of yellow^ fever is incapable of performing its 
function , that it not only acts as a barrier to the normal turnover of 
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pigment in the body, but that it is also incapable of secreting bile 
salts The jaundice is, therefore, primarily a hepatic dissociated 
jaundice, although it is evident from the presence of traces of bile salts 
in the blood in three of eight cases tested, that there is also some 
resorption as a result of bile capillary obstruction 

Blood — Blood examination shows little that is characteristic The 
red blood cell count is rather high in proportion to the low percentage 
of hemoglobin, possibly due to the fact that most of the patients had 
recently left the mountains to reside at the sea level The average 
count was within the normal range, although three counts of more 
than SIX million and nine of less than four million were obtained The 
lowest counts were obtained m patients having uncinariasis 

The average white blood cell count* is about normal A definite 
leukopenia of less than 4,000 occurred in only nine cases High counts, 
from 13,000 to 49,000, were obtained in moribund patients, usually 
uremic, although it is noteworthy that some comatose patients showed 
normal white counts Apparently, there is no rule that can be applied 
to the light and severe cases in so far as the white blood count is 
concerned, as both high and low counts were obtained in both groups 
The hemoglobin, as estimated by a Dare instrument, is uniformly 
low Estimations between 40 and 60 per cent were common, more 
than 90 per cent was found in three cases, estimations of from 80 to 
90 per cent were obtained in ten cases One patient with uncinariasis 
had 28 per cent hemoglobin Hemoglobin does not drop proportion- 
ally as jaundice progresses The estimation of the percentage of hemo- 
globin IS, to some extent, rendered inaccurate because of the presence 
of bile pigment in the intensely yellow blood serum of all severe cases 
Higher readings than the actual amount of hemoglobin piesent would 
warrant are accordingly obtained A drop m hemoglobin was noted 
in a few severe cases as the disease progressed, from 65 to 58 per cent 
and from 48 to 28 per cent On the other hand, the percentage of 
hemoglobin seemed to increase as the disease progressed in some cases, 
due, possibly, to the large amount of bile pigment present in the blood 
plasma early and to dehydration later in the course 

The differential count shows only normal variations An unex- 
plained eosmophiha of 30 per cent developed in one case, while under 
observation A \acuolar degeneration of the white blood cells was 
present in thirteen of eighteen blood smears, especially examined for 
this point and seemed most marked in moribund patients Blood 
platelets are always present, apparently m more than the normal 
number 

The coagulation time of the blood is well within the normal range, 
a^el aging from one to three minutes even in patients with continuous 
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hemorrhage In only three cases was the coagulation time found to be 
more than four minutes 

Aestivo-autumnal malarial parasites were found m the blood of 
five patients, while m a few cases with undoubted coincident malaria 
they could not be detected 

The washed red blood cells show normal resistance to hypotonic 
salt solution Fifteen tests on eight jaundiced patients gave results 
which were well within the normal range, although there seemed to 
be a range of hemolysis slightly wider than the normal, for example, 
hemolysis beginning at 0 40 per cent sodium chlorid solution and 
complete at 0 28 per cent m one case, and a range of 0 42 per cent to 
0 30 per cent in another case No satisfactory explanation of this is 
e\ ident 

Blood Piesstoe — The blood pressure is uniformly low, systolic 
110 or less and diastolic 65 or less, as a rule Otherwise nothing 
distinctive was observed The pulse pressure is not distinctive 

Hemojihage — Hemorrhage is one of the distinctive manifestations 
of the yellow fever cases of this series It was observed clinically in 
all severe cases which remained under observation long enough for 
this point to be determined Thus, hemorrhage, m one form or 
another, was observed in thirty-four cases , it was absent in seven cases, 
only one of which was considered severe Eight patients were not 
under observation long enough for the determination of this point 
Hemorrhage occurs in many forms, and apparently, from almost any 
tissue The nasal and gingival mucous membranes and the gastro- 
intestinal and genito-urmary tracts are the principal sites of hemor- 
rhage In all of the nine necropsies performed extensive hemorrhages 
were found, principally into the gastro-mtestinal tract, lungs, kidneys, 
papillary heart muscle, uterus, mesenteric glands, suprarenals and on 
the subserous surfaces of organs such as the heart, lung, stomach, 
bowel, liver, gallbladder and kidneys 

Alarming hemorrhages occurred from the gums (Figs 3 and 4), 
gastro-mtestinal tract, uterus, or urinary tract in sixteen cases, lasting 
often for days, as in the case of bleeding from the gums, stomach or 
bowel, or appearing suddenly, and intermittently as from the nose or 
uterus 

Slight epistaxis occurred early m only seven cases, and this fact 
was elicited only on inquiry Severe epistaxis occurred later in twelve 
cases from the fifth to the twelfth day Bleeding from the gums was 
noted m twenty-one cases Blood can be expressed from the gums of 
most patients at the height of the disease In nine cases the hemor- 
rhage was alarming, continuing for days “Black vomit” occurred 
while under observation in fourteen cases, it was absent in seventeen 
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of thirty cases observed long enough to determine this point It had 
occurred in all of the cases in which a postmortem examination was 
made The vomitus is for the most part of coffee-ground appearance, 
in two cases bright red blood was present 

Hemorrhage into the skin, with areas from one millimeter to several 
centimeters in diameter, was observed in seven cases Free bleeding 
from the surface of the thighs following irritation as a result of pro- 
longed menstrual flow, was alarming and constant m one patient 
Uterine hemorrhage occurred in three cases, it was spontaneous and 
alarming in two cases Hematuria continuing for days was observed 
in two patients 

In general, hemorrhage occurs in all severe cases of yellow fever 
during the second and third weeks The light cases do not bleed 
The administration of horse serum in six cases had no perceptible effect 
on the bleeding 



Figure 3 Figure 4 

Fig 3 — Boy, 11 years of age (Case 32) , sixth day of disease Gums swollen 
and bleeding, sclerae congested, intense jaundice, recovery 

Fig 4 — Severe, fatal case (Case 1), male, 23 years of age, fifth day of 
disease, twenty- four hours before death Herpes labiahs, swollen and bleed- 
ing gums and intense jaundice 

It is significant that the hemorrhage does not parallel the jaundice 
Hemorrhage is greatest at the height of the disease, while jaundice 
reaches its maximum after convalescence has begun and persists to a 
marked degree well into convalescence 

The facts that the coagulability of the blood is normal, that the 
administration of horse serum is without effect and that the hemor- 
rhage does not parallel the jaundice, seems to indicate that hemorrhage 
in these cases is due to injury to the vessel walls rather than to some 
abnormal condition of the blood itself, such as a deficiency of calcium 
or the presence of bile salts and pigments These facts seem to indicate 
that there is a degeneration of blood vessel endothelium proportional 
to the degree of general parenchymatous degeneration 
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Unnc — The urine in all cases is \eiy highly colored, from dark 
yellow to olne green, with yellow foam The amount passed in one 
day \aried from an average of 700 cc to complete anuria, which 
usually foreshadowed death Except m moribund cases, the amount 
of urine is directly proportional to the fluid intake, and can always 
be increased by increasing the intake even in the presence of persistent 
vomiting The intestinal tract is apparently able to absorb fluid, and 
the kidneys are apparently able to excrete it in spite of intense 
degeneration 

Albumin appears as a trace on the second or third day, increases 
rapidly to enormous amounts, 3 or 4 gm per liter, during the second 
week, and then decreases gradually and finally disappears entirely dur- 
ing the third or fourth week The albuminuria reaches its height several 
days after the termination of fever During the second and third 
days casts appear in great quantities, paralleling the albumin These 
casts are chiefly of the large granular type They are thickly matted 
together m the centrifuged specimen 



Fig 5 — Heart, showing superficial, punctate hemorrhages scattered over 
the surface 

In light cases albumin and casts are constantly present out of pro- 
portion to the other manifestations of the disease, a phenomenon which 
IS of value in diagnosis Red blood cells are present in all urines at 
the height of the disease Swollen, round, apparently detached 
endothelial cells with large nuclei are numerous, apparently paralleling 
the other manifestations of nephritis, although they often appear 
earlier and persist later than the intense cyhndruria Bilirubin was 
always present (Gmehn test) , urobilin was frequently demonstrable 
by Schlessmger’s test but appears least intense m the most highly pig- 
mented urines , bile salts were often demonstrated by Hay’s and 
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Pettenkofer’s tests, though the reactions were not as marked as were 
those for bile pigments In general, the urine gives eMdence of an 
intense nephritis which persists after ,the fall of temperature and well 
into convalescence The disappearance of all signs of nephritis was 
observed in all patients who recovered and was remarkable because of 
the apparent intensity of nephritis attained 

Ujeinia — Uremia is a terminal event m all fatal cases Of twenty- 
three patients that showed well marked uremic manifestations, only 
three recovered , two of the three were wildly delirious on admission 
Uremia is usually heralded by a fall in the amount of urine passed in 
twenty-hours When complete anuria occuis death usually follows 
within a few hours Four patients voided no urine for twenty-hours, 
two of these recovered 

The following manifestations of uremia were noted air hunger, 
a peculiar whistling respiration, precordial distress, headache, backache, 
persistent vomiting, hiccup and, finally, delirium, Cheyne-Stokes 
respirations, convulsions and coma 

Stools — Most of the patients harbored intestinal parasites Ova 
were found in nine of fourteen stools examined Uncmana duodenale 
were found m two patients, ascaiis himbncoides m six patients and 
amebae dysentenae in two patients Lumbricoid worms were fre- 
quently present in the vomitus or stools during the height of the disease 

COMPLICATIONS AND SEQUELS 

Complications and sequels are uncommon Parotitis occurred in 
two cases, phlebitis in one case, acute pain and swelling in the joints, 
interpreted but not demonstrated as hemorrhage, in three cases A 
persistent diffuse bronchitis, interpreted as secondary to hemorrhage 
into the lung, was present in two cases Secondary infection w^as 
suspected m a few cases, but was demonstrated only once during life 
In the nine cases m which a postmortem examination was made there 
were no findings, such as exudates, endocarditis, pneumonia, etc 

CONVALESCENCE 

Convalescence was rapid in all cases which terminated in recovery, 
although some patients were weak and many showed varying grades of 
jaundice at the time of discharge The latter considered that they 
were in their usual state of health in spite of the presence of jaundice 
No other ill effects of the disease could be detected Complete restitu- 
tion from the universally present extreme nephritis apparently occurred 
m all cases A few patients were anemic and in poor health as a 
result of preexisting disease, such as uncinariasis, but as far as the 
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effects of yellow fever were concerned, complete recovery seemed 
assured m all of the discharged patients The rapid and complete 
recovery of all patients who did, not succumb was a constant source of 
wonder, particularly as contrasted to the incomplete recovery often 
seen in other familiar severe infectious diseases 

DIAGNOSIS 

The diagnosis was ordinarily not difficult, even as early as the 
second or third day, and by the end of the fever course it was estab- , 
hshed beyond question, even in light cases The chief diagnostic 
points are enumerated m the order of their importance 

1 The fact that the patient was a foreigner and not a native of 
Guayaquil or had recently arrived from the interior The local physi- 
cians consider it practically impossible that a child, born in Guayaquil, 
can grow to maturity wnthout developing yellow fever and, therefore, 
become immune, or that a susceptible adult can live long in Guayaquil 
without becoming infected 

2 A low continuous fever course with relative bradycardia A 
fever of 40 C or more speaks against yellow fever 

3 Nausea and vomiting “Black vomit” is practically diagnostic 

4 Epigastric pain and tenderness, often intense from the begin- 
ning 

5 Rapid and progressive development of nephritis, with albumin 
present as a trace on the second day and increasing to from 1 to 3 gm 
per liter on the fourth day 

6 Flushed face, injected conjunctivae, swollen and bleeding gums 

7 The gradual and progressive development of jaundice, apparent 
m the conjunctivae as early as the third day 

The greatest difficulty m the diagnosis of yellow fever occuired in 
cases of malaria in which yellow fever developed subsequently In 
these cases the high fe^er course of malaria gave way to the lower 
but more continuous fever course of yellow fever, associated with a 
relative bradycardia not previously present The lower temperature 
continued for four or five days After a few days, during the con- 
valescence from the yellow fever, the high temperature of malaria, 
not ahvays intermittent, recurred (Case 13) The plasmodium w^as 
not ahvays demonstrable in the blood, but these cases readily responded 
to one or two deep injections of quinin The differentiation of cases 
of cerebral malaria w^as difficult and often impossible, except at 
necropsy In children, the manifestations of yellow fever were appar- 
ently the same as in adults 
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PROGNOSIS 

The degree of seventy of a case of yellow fever could not be fore- 
told at the tune of admission Those patients who were admitted early 
with much facial congestion, conjunctival injection, swelling of the 
gums and restless and apprehensive facies and dyspnea, had grave 
infections which usually were fatal Tachycardia was always consid- 
ered of serious import Uremic manifestations, such as air hunger, rest- 
lessness, delirium and coma accompanied by a diminished output of 
urine decreasing to the point of anuria, were grave signs though not 
necessarily fatal 

The physical condition of the patient at the time of admission did 
not seem to have much relation to the progress of the disease Some 
patients who had previously been in apparent good health died, while 
others, debilitated from malaria, uncinariasis and amebic dysentery, 
recovered 



Fig 6 — Heart, section through interventricular septum, showing myocardial 
degeneration and punctate hemorrhages at the apex 

Of ten children under 12 years of age, eight had severe attacks 
and two had light attacks Six died and four recovered Although 
these figures show a high mortality, there seems to be a uniformity of 
opinion among the local physicians that yellow fever is well borne by 
children 

ISIORTALITY 

Nineteen of the fifty cases of the series terminated fatally, a mor- 
tality rate of 38 per cent This was considered about the usual death 
rate from yellow fe\er in Guayaquil The mortality rate in all cases 
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of yellow fe\er admitted to the lazaretto from January 1, to August 1, 
1918, was 44 per cent 

TREATMENT 

The general principles of the treatment of fevers were followed 
No specific or special treatment Avas carried out in the cases studied 
Little or no medicine was given and no conclusions can be based on 
our experience 



Fig 7 — Heart muscle (magnification 140 diameters), showing degeneration 
and hemorrhage 


POSTMORTEM FINDINGS 

Nine necropsies® were permitted and were held as soon as possible 
after death The findings were fairly uniform, consisting, in general, 
of diffuse degeneration of all parenchymatous structures with numer- 
ous hemorrhages in all tissues ranging in size from punctate to wide- 
spread areas The tissues tvere generally dry and intensely jaundiced, 
the yellow color apparently increasing after death Exudative changes 
were absent in all cases 


3 The microscopic examinations vere made by Dr James P Snnonds, 
associate professor of pathology in Northwestern University Aledical School 
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Hcait — ^The heart showed from a few to many punctiform hemor- 
rhages on the surface both of the visceral pericardium and the endo- 
cardium, apparently more numerous about the auriculoventricular 
junction, but present in all cases Punctiform hemorrhages were 
found m the papillaiy muscles in most cases The myocardium was 
dry, granular, friable, the interventricular septum showing the greatest 
change The vah es were not affected In a few cases there appeared 
to be some dilatation of the right heait, but never to a marked degree 



Fig 8 — Lungs, cut sections, showing punctate and confluent hemorrhages 


Microscopically, subpeiicaidial and occasionally intramyocardial hem- 
orrhages were found The muscle fibers were generally swollen, the 
striations indistinct and in the most severe cases entirely absent m 
places The nuclei of the most affected fibers were absent 

Lwigs — The lungs in all cases except one showed from a few 
to many hemorrhages \arjmg m size from punctate to extensive areas, 
on the surface and extending deep into the substances The lungs 
were dry, fluffy and bloodless in three cases, while pulmonary edema 
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with much hypostasis, apparently terminal, was present m six cases 
The punctate hemorrhages appearing on the surface of the lungs are 
found to be the bases of deep hemorrhages into the parenchyma, from 
i/j to 2 cm in diameter, usually few m number, but sometimes grouped 
and numerous A few widespread hemorrhages into the lung tissue 
were obser\ed Tubeiculous nodules were present in three cases, and 
old pleural adhesions in six cases Microscopically, no noteworthy 
changes were seen 

Ltvcj — The liver was markedly affected m all cases The size and 
shape were usually normal, the edge appeared somewhat rounded in 
some cases The surface was smooth, from ocher to deep brown in 
color, with occasional punctiform subperitoneal hemorrhages In one 
case there was a widespread subcapsular hemoiihage on the upper 



Fig 9 — Liver, cut section, showing uniform fatty degeneration and absence 
of hemorrhage 

surface , in one case all the tissues about the hilus, gallbladdei and 
vessels were markedly edematous The liver was quite firm and cut 
with resistance in some cases, while it was soft and friable and offered 
little resistance to the thumb passed through its substance in other 
cases The cut surface was dry, smooth and of uniform color, vary- 
ing from ocher to dark brown m color Most specimens appealed to 
be distinctly fatty It was remarkable that while hemorrhage was 
observed in all the other parenchymatous tissues, it occurred in the 
structure of the liver in only one case The body of the liver, other- 
wise extensively degenerated, seemed free from hemorrhage It is 
possible that the change in the liver parenchyma had passed the hemor- 
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rhagic stage at the time of necropsy Subseious hemorrhages of the 
liver capsule and about the hilus were frequent 

Microscopically, the most pronounced changes weie found m the 
liver In the patients that died early m the disease the changes con- 
sisted of fatty degeneration, located m the intermediate zone of the 
lobule In these areas the cell cords were disarranged, some of the 
cells had lost their nuclei, and there was hemorrhage into the small 
necrotic foci The cells elsewhere in the lobule, and especially those 
immediately surrounding the cential veins, showed evidence of fatty 



Fig 10 — Section of liver (magnification 140 diameters), showing extreme 
fatty degeneration and necrosis of the epithelial cells with hemorrhage into 
the necrotic areas The necrosis and hemorrhage are most marked in the 
mid-zone of the lobule, the cells about the central vein and those of Glisson’s 
capsule are less affected The cell cords are disrupted 

change and of swelling In the livers of patients who died later in 
the disease practically all of the cells of the lobules showed marked 
fatty degeneration and infiltration, the cell cords were disrupted, 
there was much necrosis, especially in the intermediate zone , and there 
was much hemorrhage into the aieas of necrosis Many of the Kupfer 
cells contained brown pigment In one instance m which the patient 
In ed for ten days, the longest duration of the series, there was almost 




Fig 11 — Section of liver (compare Fig 10) 
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complete necrosis of the hepatic epithelium, only a few poorly staining 
nuclei being seen at the periphery of the lobules The structures in 
the capsule of Ghsson preserved their staining qualities 

Spleen — The spleen showed no uniform changes Some specimens 
^\ere large, triangular and slate colored, interpreted as of malarial 
origin , others appeared quite normal Microscopically, the sinusoids 
in some cases were dilated but empty There were no areas of focal 
necrosis 



Fig 13 — Kidneys, cut sections, showing acute parenchymatous changes 

Panc}eas — The pancreas appeared to be not grossly affected 
Kidneys — The kidneys were usually enlarged, the capsule stripped 
readily The parenchyma was uniformly and diffusely affected, both 
cortex and medulla appearing swollen in some cases, without any 
sharp line of demarcation between them The tubules appeared 
swollen, some were readily outlined as parallel streaks, some were red 
and hemorrhagic, others were yellowish m color The kidneys were 
all yellow or chocolate colored, hyperemic, sometimes edematous 
Se\en kidneys showed hemorrhages, punctate to half-dollar size, into 
the kidney substance, under the capsule or into the perirenal fat The 
hemorrhagic areas were usually few in number, although m three 
specimens they were numerous In one case there was a large hemor- 
rhage into the pelvis of the kidney 
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Microscopically, the most marked changes were found in the 
epithelium of the convoluted tubules, which showed alteiations in 
structure ranging from cloudy swelling to complete necrosis In all 
cases cells could be found which contained vacuoles that probably 
represented droplets of fat dissolved out m the process of embedding 
In general, the amount of necrosis varied with the length of time the 
patient lived In those instances in which necrosis was most marked 
the tubules were filled with a granular mass without any suggestion of 
cell structure The glomeruli showed little change other than a mod- 
erate hyperemia m some instances There was occasionally a small 
amount of exudate in the capsule of Bowman 



convoluted tubules, completely necrotic in places and containing granular casts 
at other points The epithelium of the collecting tubules is less affected The 
glomeruli are h3'peremic, some show a slight exudate in the space of Bowman’s 
capsule 

Stomach — The stomach showed punctate to extensive hemorrhages 
into the mucosa, with erosions Hemorrhages were always more 
marked at the cardia and lesser curvature than at the oyloric end 
"Black 3 omit” was found m every stomach examined, varying in con- 
sistency from a thin “coffee ground” liquid to a sticky, semisohd cho- 
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colate colored mass which adhered to the mucosa In two cases there 
w ere large subserous hemorrhages near the cardia 

Intcstuics — The intestines in all cases showed diffuse punctiform, 
often confluent hemorrhages into the mucosa The intestinal content 
was a semisolid chocolate colored blood} matenal One case showed 
extensue chronic amebic ulcerations of the sigmoid 

An extensile suprarenal hemorrhage was present m one case, and 
the mesenteric glands w ere enlarged and hemorrhagic in tw o cases In 



Fig 15 — Section of kidnej (compare Fig 14) 


one case there was extensu e hemorrhage on the surface of the unnari 
bladder and in another an extensue hemorrhage on tlie surface of 
the gallbladder 

SUMMARY 

1 The chmcal and pathologic findings are summarized from a study 
of about seventy cases of yellow* fever obsen ed m Guayaquil Ecuador, 
during the summer of 1918 

2 Clinically lellow feier is similar to infectious jaundice The 
differences existing between the two diseases appear to be chieflv 
those of degree There is more marked laundice and less hemorrhao-e 
in } ellow fei er than m infectious jaundice 
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3 Although hemorrhage is a usual occurrence in all severe cases, 
yellow fever is not a true hemorrhagic disease The hemorrhage 
apparentl}'^ follows necrosis of parenchymatous tissues and endothelial 
cells 

4 The jaundice of yellow fever appears to be of a nontoxic dis- 
sociated, hepatic (suppression) type 

5 Death appears to be due to uremia It is usually preceded by 
anuria There is an intense degeneration of the epithelium of the 
convoluted tubules The glomeiuli and collecting tubes remain rela- 
tively free from degeneration 



6 Comalescence in all patients who surMve is prompt The com- 
plete restitution of all organs to normal is remarkable No evidences 
of impaired liver or kidney function remained, although intense 
parenchymatous changes must hare occurred 

CASE REPORTS 
Mild C\se 

C\SE 12 — Male soldier, aged 25 natne of Cuenca in Guayaquil three 
jears Had malaria twice pre\ioush 

Migust 18 Third daj' of illness Stomach upset Xo \omiting Fever 
daih pain in legs no headache Not apparent!} \er} ill though prostrated- 
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Sclerae congested, gums moderatel 3 SA\ollen Glands palpable, inguinal large 
but not tender Epigastric tenderness Lungs heart, spleen, Iner negatne 
Red blood cells, 5,224,000, white blood cells, 4,800, polymorphonuclears, 66 
per cent , lymphocytes, 22 per cent , large mononuclears 12 per cent , malarial 
crescents + + + Albuminuria 

August 19 Urine albumin +, yellow foam, Gmelin test negative, no casts 
Slight jaundice and epigastric tenderness Feels better 

August 20 Decidedly better, jaundiced, epigastrium tender, liver enlarged 
Uiine albumin Vz gm per liter, no casts, fluid intake 1,500 cc, output 900 cc 

August 21 Condition good Patient comfortable, intensely jaundiced, 
gums swollen 

August 22 Patient less jaundiced, anemic Has lost weight Conjunctivae 
still injected, gums swollen Albuminuria Blood pressure, 102 s>stolic, 50 
diastolic Convalescent 

August 24 Still jaundiced, feels ivell Red blood cells, 5,424,000, white 
blood cells 8,600, coagulation time, Vz minute Discharged (Fig 17) 
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Fig 17 — Clinical record of two mild cases (Cases 12 and 13) of j'ellow 
fever One of the cases (Case 13) was complicated with a coincident malaria 


Yellou Fever (Mild) with Coincident Mal\ria 

Case 13 — Male, laborer, aged 18, native of Santa Rosa de Ambato, in 
Guayaquil fifteen days 

Tuly 9 Onset two days ago with headache, nausea fever, no chill Vomited 
after medicine Slight epigastric pain, jaundiced 

July 16 Albuminuria on sixth, seventh and eighth days of disease, none 
on ninth Physical examination negative except for some enlargement of axil- 
lary glands Patient is recovering from yellow fever complicated by malaria 
No parasites were found in the blood but there was prompt response to two 
intramuscular injections of 0 5 gm quinin 

Tuly 18 Feels well no jaundice Lner palpable one inch below the costal 
border, not tender 
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July 20 Feels perfectly well Patient went through a typical yellow fever 
course but at the end of that time the temperature assumed an intermittent 
course After three days of intermittent fever quinin was given for three 
days and temperature fell to normal (Fig 17 ) 

Sfvere Cases 

Case 44 — Male, servant, aged 16, native of Cualaceo , in Guyaquil three 
months Had malaria in May 

August 9 111 four days , onset with pain in back, arms and legs , fever , 

vomited on third and fourth days No bleeding Continuous epigastric pain 
Stools show ova of tnchocephalus Blood pressure 82 systolic, 56 diastolic 
Red blood cells, 3,864,000, white blood cells, 8,000, polymorphonuclears, 54 
per cent , lymphocytes, 32 per cent , large mononuclears, 12 per cent , myelo- 
cytes, 2 per cent , no malarial parasites , hemoglobin, 56 per cent 

August 10 Intense jaundice, epigastrium very tender, liver swollen, edge 
rounded , spleen not palpable Severe epistaxis 

August 11 Vomited liquid diet Backache and epigastric tenderness Con- 
dition improved Intense jaundice, liver small, tender, gums swollen and 
tender Examination otherwise negative 
August 12 Still very ill No change 

August 13 Appears better, jaundice less, gums not swollen, epigastric 
tenderness less , nausea Blood pressure 94 systolic, 58 diastolic Fragility 
test, 0 42-0 33 

August 15 Improved Skin dry, no hemorrhages, jaundice nearly dis- 
appeared Physical examination negative Albumin and casts in urine Blood 
culture sterile 

August 16 General improvement but febrile Jaundice slight, recurrence 
of epigastric tenderness , albuminuria 

August 17 Marked epigastric tenderness, albuminu’ia and a moderate 
number of casts 

August 18 Second rise in temperature Diffuse rales th'-oughout chest, 
more on left, apparent diffuse bronchitis Heart and spleen negative, liver 
palpable, tender, muscles tender 

August 19 Epigastric tenderness slight Bronchial rales present through- 
out chest Urine albumin, none, many casts 

August 21 Severe bronchitis, coughs frequently Jaundice and congestion 
of sclerae disappeared Skin covered with sudamina Heart quick, otherwise 
negative Epigastrium tender 

August 23 Lungs show diffuse rales, congestion at base Many pus cells 
in sputum, no tubercle bacilli found Patient has lost weight 

August 26 Red blood cells, 3,232,000, white blood cells, 13,200, polymorpho- 
nuclears, 40 per cent , lymphocytes, 24 per cent , eosinophils, 30 per cent , 
large mononuclears, 6 per cent , no malarial parasites , coagulation time H/a 
minutes , large fat bacillus found in blood smear No albumin in urine 
August 27 Discharged in good condition 

Comment This patient had a severe attack of yellow fever There was a 
long continued secondary fever with diffuse lung involvement possibly dif- 
fuse bronchitis (or punctate hemorrhages?) of unknown origin Terminal 
eosinophilia not explained Recovery (Fig 18 ) 

Case 17 — Male, servant, aged 20, native of Ambato , in Guayaquil two 
months 

August 17 Onset yesterday, awakened feeling well At 10 a m had gen- 
eral aching of body, then headache, slight fever without chills Today patient 
IS feverish, eyes congested, gums swollen, not bleeding Tongue dry, heavily 
coated Chest and abdomen negative, slight epigastric tenderness, no muscle 
tenderness in extremities, no jaundice Urine albumin -f, no casts Blood 
pressure 126 systolic, 58 diastolic Hemoglobin, 65 per cent , coagulation time, 
IV 2 minutes, red blood cells, 4,056,000, white blood cells, 7,800, polymorpho- 
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nuclears, 81 per cent , lymphocytes, 12 per cent , large mononuclears, 7 per 
cent , malarial parasites, none 

s August 18 Patient is feverish, listless, groaning Eyes congested, gums 
swollen, tongue moist and coated Heart broader than normal, soft systolic 
murmur at apex Lungs, liver, negative Slight tenderness in epigastrium, 
no muscle tenderness Urine alliuniin -I — f-) casts , many large globular 

nucleated cells in sediment 

August 19 Urine albumin -1 — )-> casts -) — (- + (granular and epithelial) , 
many large globular cells 

August 20 Seems generally better although fever is high Complains only 
of headache and some abdominal pain Occasionally delirious but lies quiet 
August 21 Urine albumin + + +. casts + +, very yellow Patient very 
ill, delirious with intervals of mental clarity Pulse irregular, gums bleeding, 
eyes congested Heart and lungs negative, epigastric and general abdominal 
tenderness Liver enlarged to three fingers below arch 
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Fig 18 — Clinical record of a severe case (Case 44) of yellow fever with 
diffuse lung involvement 

August 22 Oliguria 

August 23 Stools clay colored , urine albumin -{- + + +, casts -f +, 
570 cc voided in twenty-four hours' Blood pressure 86 systolic, 58 diastolic 
Much bleeding from gums, skin dry, intensely jaundiced, relaxed, emaciated 
Glands, lungs, spleen negative Epigastric tenderness intense, some general 
abdominal tenderness, no skin hemorrhages 

August 24 Mentally clear, much jaundice, less bleeding from gums 
August 25 White blood cells, 18,200, very weak, jaundice intense, bleed- 
ing from mouth, lies quiet, relaxed Urine contains gross blood in quantity 
Epigastric tenderness has disappeared, spleen not palpable 

August 27 Slightly improved, jaundice intense, eyes congested, gums con- 
gested but not bleeding Mucous membranes moist and jaundiced, skin soft and 
moist, heart and lungs negative abdomen slightly tender, liver enlarged, spleen 
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apparently enlarged, not palpable Blood pressure 110 systolic, 58 diastolic 
Hematuria 

August 28 Hematuria intense , 920 c c urine voided in twenty-four hours 

August 30 Red blood cells, 5,232,000, white blood cells, 7,400, hemoglobin, 
58 per cent , polymorphonuclears, 58 per cent , lymphocytes, 26 per cent , large 
mononuclears, 18 per cent , malarial parasites, none Blood pressure 115 sys- 
tolic, 62 diastolic , urine albumin -|-, casts -f- + -hi red cells -f- Patient is 
recovering Much muscle tenderness, right elbow very painful on movement, 
not swollen Emaciated, jaundiced, congestion from eyes and gums has dis- 
appeared, sclerae anemic Heart, lungs, liver, spleen, negative Slight epi- 
gastric tenderness 

September 3 Patient slowly recovering, very weak, hemorrhages have 
ceased 

Comment A severe and prolonged case of yellow fever with intense intoxi- 
cation and severe hemorrhages Prolonged convalescence Recovery (Fig 19 ) 
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Fig 19 — Clinical records of two severe cases of yellow fever complicated 
by intense intoxication and severe hemorrhages (Case 17) and threatened 
anuria (Case 39) 

C \SE 39 — Male, policeman, aged 23, native of Amhato , in Guayaquil ten 
months Had malaria for six days one month previously Chancre -{- , buboes 
four jears ago 

July 25 Taken sick two days ago, vomiting daily, headache, fever and 
chills, pain in abdomen and upper back One attack of nose bleed — three 
minutes Constipated Patient is well developed, jaundiced, gums swollen, 
not bleeding Lungs and heart negative, liver large and tender, spleen large 
and tender, general adenopathy 

July 26 Blood pressure 102 systolic, 68 diastolic Urine albumin 
+ + + +> casts -p -f- -f- White blood cells 4,600 Patient very ill, vomit- 
ing fe\er, headache, dizzy, weak, sleepless, area of subcutaneous hemorrhage 
on penis 
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Julj' 27 Some nnpro\ ement, jaundice much more intense Complains of 
headache, nausea, \omiting, bleeding gums, thirst, sleeplessness, confusion 
Blood pressure 95 si'stohc, 60 diastolic Urine albumin -1 — j — | — }-> casts 
+ + + 

Tuh 29 Better though still ^e^y sick Dailj •\omiting, no blood gums 
bleeding intense jaundice and epigastric pain, pulse 66 

August 1 Red blood cells, 4,112 000, white blood cells, 4,200, poliinorpho- 
niiclears, 63 per cent , Ivmphoc} tes, 33 per cent , large mononuclears 4 jier 
cent General lmpro^ement, jaundice more intense, gums bleeding, luer large 
and tender, no evident skin hemorrhages 

August 3 General improvement, intense jaundice, slight bleeding from 
gums Blood pressure 110 systolic, 64 diastolic Lner palpable not tender 
August 4 Fragility test 0 39-0 30 Anuria threatened — ^220 c c in U\ent\- 
four hours (improved after forced water intake) Jaundice intense, bleeding 
stopped from gums Patient is emaciated and weak hungry' Red blood cells, 
4,032,000, white blood cells 4 800, no malarial parasites Allow^ed to lea\e 
hospital on starting com alescence 

Comment A severe case with hemorrhage and threatened anuria Patient 
discharged weak and intenseh jaundiced (Fig 19) 

Case 7 — Male, soldier, aged 25, native of Guano , in Guayaquil five years 
August 4 Onset August 1, w'lth fever and generalized pain, headache, 
no chill Yellow vomitus daily, no bleeding Red blood cells, 6,896,000, wdiite 
blood cells, 3,400, polymorphonuclears, 68 per cent , lymphocytes, 26 per cent , 
large mononuclears, 6 per cent , no malarial parasites found 

August 6 Patient seems very ill, face flushed and jaundiced, e>es con- 
gested, sclcrae jaundiced Lungs negative heart show's occasional extra- 
systole, lner area small, tender Blood pressure 84 systolic, 62 diastolic No 
ova found in stools 

August 7 Fragility, 0 39-0 33 Urine albumin, 5 gm ' per liter, casts, 
+ + + + ) '' ater intake 3,850 c c output 650 c c 

August 10 Patient very ill although apparently recoienng from severe 
attack of jellow' fever, jaundice gums sw'ollen and bleeding, fetor 

ex ore, liver large and tender spleen not palpable 

August 11 Aching o\er whole body, weak, relaxed, bleeding from gums, 
lomiting no blood, liver tender, skin dry Urine albumin, -f- , casts, 

+ + -f- j 3 ellow 

August 12 Ver}' ill, jaundice intense, epigastric tenderness verj' marked, 
heart irregular, gums swollen, bleeding 

August 13 Blood pressure 101 sjstolic, 70 diastolic All previous symp- 
toms intense, that is, jaundice bleeding from gums, pains in upper arms, 
abdominal tenderness Fragility 0 33-0 27 

August 15 Improved but still %ery sick, listless, depressed, jaundiced, 
less congestion of eyes, tongue and mucous membranes moist breath less 
offensne Heart slow regular luer enlarged, epigastrium tender, lower 
abdomen not tender, tenderness on deep palpation in extremities Urine 
albumin, -f , casts -f -f intensely j'ellow' Blood pressure 112 svstolic, 
56 diastolic 

August 16 Intense jaundice, epigastric tenderness, muscle pain gone still 
some backache Urine albumin -{- , casts, few granular 

August 18 General nnproxement, intensely jaundiced spleen edge palpable 
Pulse 58, blood pressure 110 sjstolic 68 diastolic 

August 20 Urine albumin none many casts, water intake 1 500 cc 
output, 545 cc Patient better but weak and relaxed jaundiced, epigastrium 
tender, muscles tender on pressure 

August 21 Urine negatue Lungs, heart, negative Spleen two fingers 
below arch general abdominal tenderness no muscular pain 

August 23 Coagulation time of blood four minutes Patient con\alescent 
eMdent loss of weight relaxed jaundice less abdomen slighth tender 
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August 26 Red blood cells, 5,320,000, white blood cells, 3,600, hemoglobin, 
63 per cent , polymorphonuclears, 82 per cent , lymphocytes, 14 per cent , 
large mononuclears, 4 per cent , no malarial parasites found, coagulation time 
IVa minutes Much scaling of skin Urine albumin, +, casts, + 

Aug 27 Still jaundiced and weak but apparently recovered Discharged 
Comment A severe case with prolonged period of intoxication Recovery 
complete (Fig 20 ) 

Case 43 — Male, hotel porter, aged 21, native of Cuenca , in Guayaquil four 
months 

August 14 Sick one day with general body pain, fever, some epigastric 
tenderness Blood pressure 110 systolic, 72 diastolic Red blood cells, 5,840,000, 
white blood cells, 4,800, hemoglobin, 70 per cent , polymorphonuclears, 72 per 
cent , lymphocytes, 22 per cent , large mononuclears, 6 per cent , malarial 



Fig 20 — Clinical record of a severe case (Case 7) with prolonged period 
of intoxication 

parasites, none, coagulation tune, three minutes Much congestion of sclerae 
and diffused redness of conjunctivae, tongue thickly coated m plaques, gums 
swollen — no bleeding General slight adenopathy, not tender Skin hot Sys- 
tolic murmur over pulmonic area of heart Lungs, liver and spleen negative 
August 15 Eyes much congested, no jaundice Urine albumin -f- +> no 
casts 

August 16 Condition is good, slight jaundice, eyes congested Systolic 
murmur over base of left heart, lungs negative, epigastrium tender Urine 
albumin, -}- -f , casts, + + 

August 17 Skin is hot, epigastric tenderness marked Ascans ova found 
in stools Urine albumin, -f- -f- + » casts, -1- 

August 19 Urine albumin, -1- > many granular casts Patient appar- 

enth much better , coughing blood , marked epigastric tenderness , lungs and 
heart negatne, intense jaundice, e>es congested 
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August 23 Some improvement, no vomiting since Aesterdaj Gums bleed- 
ing and jaundiced Heart negative, lungs show dulness ONcr right lower pos- 
terior lobe, patient coughs General abdominal tenderness cspeciallj' in epi- 
gastrium , some muscle tenderness Blood pressure 89 systolic, 58 diastolic 
August 24 Urine albumin, casts, -|- 

August 26 Urine albumin, -h -f -f , casts, -f- 

August 27 Weak, relaxed, intensely jaundiced, hungrj, Eyes not con- 

gested, swelling of gums slightly diminished — bleeding stopped No vomiting 
Pain in right shoulder which is apparentl} swollen, muscles not tender but 
joint painful on motion Lungs, heart, spleen and liver negative Left cubital 
gland enlarged Muscles tender, abdomen tender Apparently much better 
Blood pressure 98 systolic, 60 diastolic Urine albumin, , casts, -j- 
August 28 Urine albumin, -[- , casts, -p 
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Fig 21 — Clinical record of a se^ere case (Case 43) of yellow fever with 
protracted fever and hemorrhages 


August 30 ' Red blood cells, 5,232,000, white blood cells, 8,200, hemoglobin, 
74 per cent , polymorphonuclears, 62 per cent , lymphocytes, 16 per cent , 
eosinophils, 2 per cent , large mononuclears, 20 per cent , no malarial para- 
sites, coagulation time one minute Urine albumin, none, casts, -f Marked 
improvement Intense jaundice, gums and mucous membranes somewhat 
swollen, right shoulder still painful, epigastric tenderness Findings otherwise 
normal 

September 7 Discharged apparently well although weak 

Comment A se^ere case of jellow fever ^\lth protracted fe\er and hemor- 
rhages (gums, lung, shoulder joint) Recovery (Fig 21 ) 

Fat^l Fulminant Cases 

C\SE 1— Male, je\\eler, aged 23, native of Cajamarca, Peru, m Guayaquil 
t\\o jears and three months Had malaria in 1916 and five months previous to 
present illness 
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August 23 111 three days Severe chill in morning followed by headache, 

general aching and fever Nausea and vomiting daily No hemorrhages At 
present patient feels weak with pain in legs 

August 24 Well developed individual, very sick, quiet, eyes extremelj 
congested, sclerae jaundiced, herpes labialis, tongue coated, edges clear, cer- 
vical glands are palpable Heart systolic impurity over precordia Lungs, 
liver and spleen negative Some epigastric tenderness Blood pressure 122 
systolic, 90 diastolic Red blood cells, 6,288,000, white blood cells, 4,000, hemo- 
globin, 96 per cent , platelets present, malarial parasites not found, poly- 
morphonuclears, 90 per cent , lymphocytes, 8 per cent , large mononuclears, 2 
per cent Urine yellow, granular sediment, contained much albumin and casts 
August 25 Mucous membranes everywhere much congested, skin dry, 
jaundiced, herpes drying, hiccup and vomiting, gums swollen, no hemorrhages 
White blood cells, 3,800, polymorphonuclears, 79 per cent , lymphocytes, 22 
per cent In afternoon patient very ill, mentally confused, delirious 
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Fig 22 — Clinical records of foui fatal fulminant cases (Cases 1, 10, 19 and 
26) of jellow fever 

August 26 Bleeding from gums, much vomiting of black coffee ground 
material, semiconscious, air hunger, cyanosis, arms cold, pulse feeble, heart 
rapid (140), lungs negative, bladder distended Urine contained albumin, 
+ + + man% hj aline epithelial and granular casts Uremia, coma, death 

Comment An intensely sick patient on admission, died on sixth daj' of 
disease — an or eru helming infection No necropsy (Fig 22) 

Case 10 — Male, servant, aged 10 native of Yaguachi, in Guayaquil two 
months Has had malaria 

August 20 Patient has been ill fire days with ferer, headache, body pain, 
nausea and romiting Is apparently rery sick, stuporous delirious Intensely 
jaundiced, gums swollen and red Heart lungs, spleen negative, extreme abdom- 
inal tenderness Red blood cells, 4 392,000, white blood cells, 20 500, hemo- 
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PERICARDITIS WITH EFFUSION AN EXPERIMENTAL 

STUDY 


CHARLES SPENCER WILLIAMSON, MD 

CHICAGO 

There can scarcely be any better comment on the difficulty m diag- 
nosticating pericarditis with effusion than can be read out of statistics 
from the postmortem room Even m institutions where the diagnostic 
work IS admittedly of a high order, the postmortem findings of peri- 
cardial exudates entirely unsuspected during life is of not infrequent 
occurrence Any one who has been especially interested m the subject 
must have been struck with the difficulties which are at times encoun- 
tered m making the diagnosis of such an effusion Of course, when a 
well defined friction rub develops in the course of rheumatism, and is 
followed by a gradual increase m the cardiac silhouette, there can be 
little difficulty m the diagnosis On the other hand, m the absence of 
a pericardial rub, the differentiation between a dilated heart and an 
effusion may really be very difficult A considerable number of cases 
have been reported in which the pericardial sac was aspirated with the 
expectation of finding fluid, but instead of fluid pure blood came 
through the needle, m such quantities as to indicate that the heart wall 
had been punctured On several occasions I have seen men of dis- 
tinguished ability do a paracentesis cordis instead of a paracentesis 
pericardii 

When we examine into the current descriptions of the physical 
signs in pericarditis, and particularly when we investigate to see on 
what researches these are based, we meet with a confusion of ideas 
and statements While not wishing to discuss the subject from a his- 
torical standpoint, a brief statement and criticism of the most impor- 
tant views would seem m place 

One of the oldest views, championed especially by Skoda^ and his 
followers,^ treats of the relations of the heart to the pericardium very 

* From the departments of medicine and anatomy. College of Medicine, 
University of Illinois 

* Although the casts forming the basis of this paper were exhibited at the 
1917 meeting of the American Medical Association, my absence in military 
service has precluded the earlier publication of the paper 

1 Skoda Abhandl ueber Auscultation und Percussion, Wien , 1839 

2 Oppolzer Vorlesungen ueber die Krankheiten de« Herzens, 1867 


Note — In each case the left hand photograph is a picture of the cast of the 
heart itself , the middle photograph is a cast of the corresponding exudate, and 
the photograph on the right is a section through the exudate on the dotted line 
The chest outline shows the relations of the heart and the exudate as seen 
from the front 
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much in the manner of a vessel of water containing a solid body, the 
specific gravity of which is greater than that of the water Inasmuch 
as the heart, with its contents, has a higher specific gravity than a 
pericardial effusion, it is manifest that on this theory the heart must 
' needs sink in the fluid to the lowest point of the pericardial sac It 
requires, however, only a superficial examination to see that the situa- 
tion IS by no means so simple as this view would lead us to believe To 
begin with, the analogy of a solid body sinking in a vessel full of 
water is far from a correct one, especially with small amounts of fluid 
The pericardium is not a vessel with rigid walls, but a tough membrane 
lying with a large part of its surface in close contact with the heart It 
IS reflected onto the great vessels at the base, and intimately united with 
the diaphragm at the central tendon of the latter It will hold about 
100 c c of fluid before it begins to be stretched To surround the 
heart entirely with a layer of fluid of sufficient depth so that one can 
talk of the heart “sinking” or “swimming” requires an exudate of 
considerable size, as can readily be seen from our casts A second 
and even more important reason why the heart cannot “sink” freely in 
the fluid, even when this is present in large amounts, is seen in the 
attachments of the heart This fixation, as has been shown by several 
authors, is quite definite and is produced, on the one hand, by the 
great vessels at the base, and on the other hand, by the inferior vena 
cava which anchors the heart firmly to the diaphragm The axis of 
fixation extends from the inferior vena cava below, to a point a little 
to the left of the median line above, which may be regarded as the 
point of application of the traction of the great vessels It is plain, 
therefore, that the only extensive movement of the heart which can 
occur in pericardial effusion, is of the apical portion 

Quite the opposite of this view is held by Schaposchnikoff^ and 
his followers After a senes of experiments, using fluid injections, 
this author came to the conclusion that the heart swims in the fluid 
and believes that it is held in this position by the elastic traction of the 
great vessels This view is strongly supported, he thinks, by the fact 
that even with large exudates a loud friction rub may be heard over 
the entire sternum, and at necropsy the heart may be found in close 
contact with the sternum Furthermore, numerous operations on puru- 
lent effusions have shown that Avhen an incision is made through the 
chest wall, the heart itself presents in the wound, and that the puru- 
lent exudate can only be reached by pushing the heart out of the way 
A case of this sort was reported by me'* and the patient was operated 

3 Schaposclinikoff, B Mitt a d Grenzgeb d Med u Chir 2 86, 1897 
Rev de Med 2 789, 1905 

4 Med ^Chn 2 907 (March) 1917 
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Fig 2 — Exp 18 , 240 cc injected A typical small sized exudate is present, 
confined almost entirely to the diaphragmatic surface (See note on page 206 ) 
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on by Dr Kellogg Speed The heart was in close contact with the 
chest wall, and no pus could be obtained until it was pushed back out 
of the way and the drainage tube inserted 

Curschmann,® writing still more recently, holds a view at variance 
with those of the other observers mentioned This author holds that 
the more important factor governing the distribution of the fluid, is 
the small amount of space which normally exists betweeen heart and 
sternum m front and the vertebral column behind He holds that there 
IS very little room for the heart either to “sink” or “swim ” The fluid 
poured out follows the line of least resistance, and not being able to 
expand anteriorly and posteriorly m the median line, must, of neces- 
sity, spread out laterally toward the pleural cavities, or upward and 
downward in the direction of the great vessels above and the diaphragm 
below This author supports his contention by a few cross-sections 

Rotch, of Boston, in 1878 investigated the behavior of the fluid by 
injecting cacao butter into cadavers and determining by percussion the 
point of first appearance of the fluid The subjects had been previously 
tracheotomized and the lungs inflated until they corresponded in size 
with the outlines given by Luschka The most serious objection to 
Rotch’s results is found m that of the sixteen cadavers used — twelve 
were those of young infants — and that the method is highly subjective 
Rotch’s results, however, have been quoted widely, and his main con- 
tention that a dullness in the fifth intercostal space on the right side is 
the first sign of a pericardial exudate, has been accepted by many 
writers ° Ebstein" in particular, whose attention was called to this 
sign by reading Rotch’s article,® expresses essentially the same thought 
in another way The angle between the right heart and the hvei, the 
so-called cardiohepatic angle, is normally acute, and he believes that 
the rounding of this angle is the first clinical expression of a peri- 
cardial exudate, and supports this by many illustrative clinical cases 
Inasmuch as these findings were all obtained by percussion only, his 
results he open to the criticism of subjectivity Many experienced 
clinicians have failed to find either the dullness m the fifth right inter- 
space or the rounding of the cardiohepatic angle in proven cases of 
pericardial effusion 

It IS evident that all of these theories cannot be, without modifica- 
tion, reconciled with each other, and with the idea of attempting to 
bring some order out of the chaos, the experimental work m this 
research was undertaken 

5 Curschmann, H Die Deutsche Klmik am Emgang des Zwanzigsten 
Jahrliunderts 4 401, 1905 

6 Aporti u Figaroli Zentralbl f inn Med 21 737, 1900 

7 Ebstein Ueber die Diagnose begmnender Fluessigkeitsansammlungen 
im Herzbeutel, Virchows Arch f path Anat 130 418 

8 Rotch Boston M & S J Sept 26, 1878 





Fig- 3 — Ex? 25* 175 c.c. iniectei ire fuld is ainrast ertirely L'nirted to 
tre c aphrag^atic surface arc co'.erirg the tx>-cer of tre r'grt *.entncle. fSee 
ucte cu cace 2t>5 ) - ^ 
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EXPERIMENTAL WORK 

Methods Employed — The most mipoitant point m any method is 
that it shall possess a high degree of objectivity All methods which 
depend on clinical observations during life lack this almost entirely, 
and very little progress has been made with these Much was expected 
from the applications of the roentgen ray, but however great its use- 
fulness as a diagnostic accessory, it is of relatively small scientific 
value m this connection, m that it is open to grave errors of inter- 
pretation When used in the ordinary way, namely, with the plate 
either on the front or back of the chest, it fails entirely to show fluid 
accumulations either m front or behind the heart 

The most satisfactory methods for experimentation are those which 
depend on injecting fluids into fresh cadavers A number of authors 
have done this after removal of the sternum, which, I believe, entirely 
invalidates the work, in that it permits the fluid to accumulate in front 
of the heart by removing the principal obstacle to its accumulation at 
that point A far better plan is to make the injection through the 
central tendon of the diaphragm, since this can be done without 
materially disturbing the abdominal relations I selected for the posi- 
tion of the cadaver that most generally used in clinical examination, 
such as would be represented by the patient being propped on a pillow 
at an angle of about 15 degrees Some of our injections were made 
with the body at an angle of 120 degrees with the thighs, i e , in the 
orthopnea position 

After a great deal of preliminary experimentation, I settled on 
the following technic, which after the requisite manual dexterity had 
been acquired, proved to be very satisfactory A small incision was 
made in the costoxiphoid angle, through which, guided by a finger, a 
long specially designed trocar was passed This was made of tempered 
steel with a sharp stilet provided with a ball on the outside, from three- 
eighths to one half inch from the point The purpose of this ball was 
to prevent penetration to too great a distance To make the injection, 
the trocar was thrust obliquely thiough the central tendon of the 
diaphragm, the stilet was then withdrawn and a large brass syringe 
attached to the needle by a screw thread The syringe I used held 300 
c c and was provided with a screw arrangement by which the plunger 
could be depressed slowly and evenly 

As an injection fluid I settled on a mixture of gelatin and agar- 
agar made up to the proper specific gravity by the addition of salt 
Such a solution, when warm, is perfectly fluid, and under our con- 
ditions of experiment, required from one-half hour to one hour to 
harden sufficiently so as not to be influenced by change of position 
To make sure that coagulation would be thorough, we allowed from 



Fig 4 — Exp 29 , 225 cc injected The larger portion of fluid is on the 
diaphragmatic surface, pushing do\\-n the li\er markedly A thin tongue of 
fluid runs along the right margin of the heart fSee note on page 206 ) 
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twelve to twenty-four hours to elapse before making the necropsy 
All the information which could be elicited by percussion was obtained 
as the injections progressed In each case accurate measurements were 
taken of the thorax circumference and of the distance between the 
posterior surface of the sternum and the anterior surface of the ver- 
tebral column At the necropsy the fenestrum was carefully removed, 
and the exact positions of the heart and exudate were measured, the 
general outline of the heart and pericardium studied, and then the 
entire pericardial sac and great vessels were removed in toto The 
exudate was sufficiently hard so that it could be handled without fear 
of breaking It was immediately taken to the laboratory, placed in a 
low temperature icebox, and thoroughly frozen The hearts were then 
turned over to Mr Hammer, the modeler of the University of Illinois, 
whose skill needs no commendation A cast was made of the heart 
and exudate together The exudate was then removed from the heart 
while the latter was still thoroughly frozen, and a cast and model made 
of the heart itself The model of the heart was then placed in the 
mold first made, and the intervening space filled with a plastic mix- 
ture, so that an exact model of the exudate was made In this manner 
we finally obtained in each case an exact reproduction of the heart, a 
similar exact reproduction of the exudate, and lastly, a reproduction 
of the two together A very important point relates to the size of the 
exudate Most authors have contented themselves with injecting fluids, 
measuring only the amount as it went in, and assuming that it all 
remained in the pericardial sac We did this in the beginning, but 
found the method grossly inaccurate, since as the injections became 
larger and the mtrapencardial pressure higher, the pericardium would 
be stripped off from the great vessels posteriorly and large amounts of 
It would escape into the mediastinal and pleural cavities We lost a 
large number of experiments in this way, and even in perfectly fresh ^ 
cadavers, we have not succeeded in introducing larger amounts than 
655 c c without producing a rupture of the pericardium, or what is 
more commonly the case, stripping it off the great vessels posteriorly 
The exudates were measured entirely by the method of displacement, 
which gives, of course, absolutely accurate results 

The casts were then photographed in the studio of a commercial 
photographer with a large camera which was arranged vertically The 
casts were placed in their proper position on the floor of the platform, 
using a long focus lens so that the distance was sufficiently great to 
prevent appreciable distortion All of the casts were photographed at 
one sitting, the camera left set up, the casts were than sawn through 
and the cut sections brought back and photographed under precisely 
the same conditions 
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Fig 5 — Exp 32, 300 cc injected This shows the greater part of the 
accumulation of fluid around the apex and diaphragmatic surface (See note 
on page 206 ) 
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In order to be able to show accurately the outlines of the hearts 
and exudates on a chest outline of exactly the -same relative size, the 
following method was adopted First, I determined the exact amount 
of reduction of the photograph by comparing the size of the cast with 
the size of the corresponding print From the measurements taken 
of the cadavers an average was struck, and all that it was necessar}^ to 
do was to obtain a chest outline bearing exactly the same proportion 
to this average measurement as the photographs of the casts did to 
the casts themselves A chest outline was then made to this exact 
scale By means of tracing paper, the outlines of the'heart and exudate 
were obtained from the photographs and these placed in position on 
the chest outline The accuracy of this was insured by always leaving 
a considerable length of the great vessels at the base so that there 
could be no question as to the precise position In addition to this, 
the data obtained by the measurements taken at the necropsy were at 
hand For invaluable assistance in this work I am indebted to Mr 
Thomas Jones, the artist of the anatomic department of the University 
of Illinois 

In this way thirty-three cases were studied, and I believe that the 
method possesses advantages over previously used methods in that a 
great degree of objectivity was attained The casts are substantial 
and can be examined and measured in every conceivable way Par- 
ticularly, do they show the relations of depth in a way impossible by 
means of the roentgen ray My experiences lead me to believe that 
far reaching conclusions drawn from percussion findings, after the 
injection of varying amounts of fluid, are apt to be highly fallacious 
It IS self-evident that percussion cannot possibly give any idea of 
depth, and affords but a very imperfect idea, if indeed any, of fluid 
which accumulates between the heart and diaphragm, or in any posi- 
tion where the flatness of the fluid is not in contrast with the 
resonance of the lung 

Results Obtained — ^The cases have been divided quite arbitrarily 
into two groups The first gioup includes all those cases in which the 
exudate measured 350 c c or less , the second group included those 
cases in which the exudate measured between 350 and 655 c c , the 
latter being the largest injection In spite of a large number of injec- 
tions with larger amounts of fluid, it was invariably found that there 
had been a small rupture of the pencardial sac, and that much of the 
fluid had escaped This is in accordance with the experience of most 
authors who have made carefully controlled injections 

These two groups will be referred to as the small exudates and the 
medium sized exudates, respectively Turning to the first of these, 
the small exudates (Experiments 4, 18, 26, 29, 32, Figs 1, 2, 3, 4 and 
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Fig 6 — Exp 1, 460 cc injected Weight of heart 530 gm The fluid is 
almost entire!} confined to the diaphragmatic surface The front of the heart 
IS unco\crcd This figure illustrates nell the point that nith large hearts the 
fluid 000=: not collect in front (See note on page 206 ) 
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Fig 7 — Exp 12 , 475 cc injected The heart was very large, weight 550 
gm In spite of the large exudate, the entire anterior surface of the heart 
remained uncovered (See note on page 206) 
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Fig 8 — Exp 16, 425 cc injected The front of the heart is not covered 
by fluid, which is found in about equal amounts on the diaphragmatic sur- 
face and in front of the great \essels (See note on page 206 ) 
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5), let us see where the exudate first collected It is impossible, for lack 
of space, to reproduce all the photographs The ones shown are selected 
as being typical It requires but very slight study of the photographs 
and their cross sections to see that in every instance the major portion 
of the exudate collected m the angle formed by the anterior chest wall 
and the heart, and to even a larger degree between the right ventricle 
and the diaphragm, pushing down the latter In every instance the 
apex was covered with at least as great a thickness of fluid as the 
remainder of the diaphragmatic surface It should be noted that the 
position of the cadaver makes but little, if any, difference, since in 
experiments 26, 29 and 32 (Figs 3, 4 and 5) the cadavers were injected 
m the upright position, the others were injected in the normal recum- 
bent position 

A careful inspection will show that the liver was materially 
depressed in practically every case, especially the left lobe, as it pre- 
sents in the chrondroxiphoid angle On performing the necropsies 
the most striking thing noted was this pushing down of the diaphiagm, 
and with it the left lobe of the livei This depression of the left lobe 
of the liver is more in the nature of a rotation downward than a push- 
ing down of the liver en masse 

A careful inspection of the angle formed by the pericardial exudate 
and the liver, shows that m not a single case was this angle obtuse, nor 
weie we able in a single case to demonstrate to our satisfaction a suffi- 
ciently maiked dullness in the fifth light interspace to be of diagnostic 
value On the other hand, in spite of the fact that m several of the 
cases the exudates covered the great vessels with a fairly thick layer 
(as m Experiments 4 and 16, Figs 1 and 8) we were not always able 
to determine this with certainty before making the postmortem The 
depth at which the great vessels he, and the readiness with which the 
exudate m this position may be covered by the lungs, is probably the 
explanation 

Turning now to the group of medium-sized exudates (Experiments 
1, 12, 16, 19, 25, 27 and 28, Figs 6 to 12) the heart is found relatively 
more evenly surrounded, and as the exudates grow larger in amount, 
the anterior surface becomes more frequently covered In this con- 
nection it IS necessary to call attention to the fact that in all work on 
the cadaver, inasmuch as there is no pressure due to the blood in the 
heart and great vessels, these structures collapse under a much smaller 
pressure than they would in the living subject, and in so doing become 
flattened out laterally and, possibly to a very slight extent, longitudi- 
nally This IS quite plainly shown in a number of the cuts, giving the 
appearance of the heait being relatively too large Intravitam, the 
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Fig 9 — Exp 19 435 cc injected The fiiiid i*; largch confined In the 
diaphragmatic area Ivote that a large part of the fiont of the heart i*; not 
co\ered by fluid Onh a small amount ot fluid co\trs the great lesstls (See 
note page 206 ) 
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heart would collapse much less readily, and fluid would less readily 
accumulate in front of the heart 

An especially careful study was made of the position of the apex 
beat and we reached the conclusion that there is no change whatever in 
Its position, except, possibly, a very slight displacement downward 
This IS, however, of too small an extent to be of any clinical moment 
In some of the cases the pushing down of the diaphragm and with it the 
^ liver, IS extremely marked (Experiments 16, 25 and 28, Figs 8, 10 and 
12) It IS well to emphasize that this is the outstanding feature, as dis- 
closed by the necropsies in the great majority of the cases In all of 
these cases the apex is covered with at least as thick a layer of fluid as 
IS the diaphragmatic surface In this group of medium sized exudates 
one may repeat word for word what was said of the smaller exudates, 
namely, that m not a single case was the cai diohepatic angle obtuse, 
110 ) woe we able in a single case to demonsUate to ow satisfaction a 
sufficiently marked dullness in the fifth ught into space to be of diag- 
nostic value 

One of these cases, Experiment 27 (Fig 11), occupies an unique 
position, in that it came from an actual case of pericarditis with effu- 
sion, developing in the course of a pneumonia of the right upper lobe 
The patient died suddenly and rather unexpectedly, and within a few 
minutes after death we aspirated through the diaphragm m the usual 
way and withdrew all the fluid we could obtain, namely, 270 c c , and 
immediately injected exactly the same amount of agar solution It 
may be noted that the total amount of the exudate as determined by 
the measurement of the cast was 405 c c , indicating the difficulty of 
removing all the fluid This case is an extraordinarily instructive one, 
in that the pressure conditions were precisely the same as during life 
An inspection of the great veins and auricles especially shows them to 
be flattened out, and this must have been their condition in the last 
moments of life In the light of the work of Frangois Franck® and 
Starling,^® one cannot help but believe that death in this case was 
actually the result of excessive pressure, and that had the fluid been 
aspirated, the pressure factor at least would have been removed In 
this particular case a thin layer of fluid covered the heart in front, and 
extended far up onto the great vessels I examined the patient about 
one half hour before death and dictated the following note on the heart 
“Apex indistinct , dullness extends outside the midclavicular line in the 
fifth interspace, and upward along the great vessels on the left edge 

9 Franck, Francois Recherches, etc, Gaz hebd de med 29 1877 

10 Starling Some Points in the Pathology of Heart Disease, Lancet 
1 569, 1897 





224 


ARCHIVES OF INTERNAL MEDICINE 


of the sternum Right border obscured by the lung dullness Loud to 
and fro friction rub over the anterior surface of the heart Liver 
dullness extends two inches below the costal arch ” It should be noted 
that this position of the liver was about an inch below what it had been 
on admission A study of the photographs and section showed the 
heart to be surrounded with a fairly uniform layer of fluid, which, 
however, is somewhat thicker along the left border of the heart, and 
extends well up over the great vessels at the base This fact we had 
been able to make out clinically Because of the consolidation in the 
right lung, we could not determine with accuracy what the condition 
was at the cardiohepatic angle, but an inspection of the section shows 
that the amount of exudate there was much too small to be determined 
by percussion, and that the cardiohepatic angle was certainly not obtuse 
I wish to lay especial stress on the pushing down of the liver, since it 
was on this sign, and on the retrosternal dullness that I based my 
diagnosis of an effusion It should be noted especially th-at despAc a 
layei of fluid peihaps one quaiter of an inch thick in fiont of the 
heait, a pcucaidial f notion mb ovei this entue aiea could be hcaid 
plainly 

It may be said then, that the principal difference between small and 
medium sized exudates is that in the latter, in addition to the pushing 
down of the liver, the heart is more evenly surrounded by fluid It is 
especially to be npted that the great vessels at the base are covered 
with a rather thick layer of fluid in the larger effusions of this group 
This can be seen on almost any of the sections cut longitudinally In 
most of the cases in which the great vessels were covered by a thick 
layer of fluid, this could be made out by percussion, but not in all of 
them, so that while this percussion dullness is to be regarded as a 
valuable sign when present, it cannot always be made out 

From the standpoint of the persistence of the pericardial rub, it is 
desirable to note in just what cases the heart remained in actual con- 
tact vith the chest wall This was the case m fourteen of the thirty- 
three cases In these fourteen cases, exudates of less than 400 cc 
were found in seven, and exudates larger than this were found m the 
remaining seven In these fourteen cases, therefore, it is perfectly 
certain that a pericardial friction rub would have been heard despite 
the fluid, and recalling the clinical case above enumerated, where a 
loud friction rub was heard over the entire heart a few minutes before 
death, although the necropsy disclosed a quarter of an inch of fluid 
between the heart and the chest wall, it is highly probable that a much 
larger number would have shown a friction rub despite a fair sized 
effusion 


I 
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Fig 11 — Exp 27, 405 cc injected This was an actual case of pericarditis 
The fluid w'as draw'n off immediately after death and replaced b}" the same 
amount of agar solution In this case the exudate surrounds the heart quite 
uniformly, a little more along the left border The great ^essels are corered 
b 3 ' a fairlj thick la\'er of fluid (See note, page 206 ) 
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Relation of Size of Heait and Depth of Thoiax to Shape of 
Effusion — It would not be profitable to give all of the numerous mea- 
surements taken as to depth of thorax, circumference of thorax, size 
and weight of heart, etc Suffice it to say that I have not been able to 
make out any simple relationship, capable of being expressed in figures, 
as to the factors which cause the exudate to spare the front of the 
heart Despite my inability to express this numerically, a careful 
inspection of the cadavers at necropsy showed that whenever the size 
of the heart was sufficient to fill out very fully the anteroposterior 
diameter of the thorax, there would be no accumulation in front of 
the heart Experiments 1 and 19 (Figs 6 and 9) illustrate this point. 
Experiment 12 (Fig 7) is a striking example of it In this individual 
the heart was very large, weighing 550 gm , and yet the_entire front 
of the heart was bare of exudate, although this contained the largest 
exudate of the fourteen mentioned above, namely, 475 c c One may 
generalize, I believe, with safety, to this extent, and say that when the 
heart is relatively large, as in valvular lesions with dilatation and 
hypertrophy, or m cases of chronic nephritis, any exudate which may 
develop is likely to leave the front of the heart bare, even when the 
amount of fluid is quite considerable 

CONCLUSIONS 

1 In pericardial effusion the fluid accumulates first along the lower 
margin of the heart and about the apex, particularly on the diaphrag- 
matic surface of the heart With small effusions, this is the only place 
m which fluid accumulates with regularity 

2 The result of the accumulation of the fluid in this position is to 
push down the left lobe of the liver This was demonstrable in prac- 
tically every case, and in many cases it was a very conspicuous featuie 
Special stress should be laid on this as an early diagnostic sign 

3 The second place m which fluid accumulates is over the great 
vessels at the base With small effusions it is occasionally present in 
sufficient amount to be detected by percussion With medium sized 
effusions this layer is generally thick enough to be demonstrable by 
percussion, and this retrosternal dullness is an important diagnostic 
sign 

4 With both small and medium sized exudates we were neither 
able satisfactorily to demonstrate percussion dullness in the fifth right 
interspace (Rotch), nor could a rounding of the cardiohepatic 
(Ebstein) angle be made out in a single case 

5 The behavior of the fluid is practically independent of the posi- 
tion of the patient, with effusions of the size lepresented by the 
injections 





Fig 12— Exp 28, 655 cc injected The larger portion of the fluid is on 
the diaphragmatic siirtace and oier the great vessels (See note, page 206 ) 
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6 In at least fourteen of the thirty-three cases the anterior surface 
of the heart, in spite of the exudate, remained, in part, uncovered by 
the fluid, so that a pericardial friction rub could readily exist This 
persistence of the pericardial rub is to be anticipated m cases in which 
the heart is relatively large, so that it fills out the space between the 
vertebral column and the sternum 

7 From the standpoint of most readily reaching small amounts of 
fluid, the most appropriate sites for puncture are either just outside 
the apex or m the chondroxyphoid angle 
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Syphilis and Public Healih By Edward B Vedder, AM, MD, Lieutenant- 
Colonel, M C, U S Army Published by permission of the Surgeon- 
General of the U S Army Cloth, $2 25, pp 315 Philadelphia and New 
York Lea & Febiger, 1918 

Syphilis IS one of the most important public health problems and now that the 
barrier of reticence is breaking down, a serious effort is being made to spread 
information about the disease and to take counsel openly in the search for 
methods that will likely dimmish its astonishing prevalence Even physicians 
who daily in practice see the fatal consequences of this wide-spread and tena- 
cious infection are scarcely prepared to receive without surprise the actual 
data on the incidence of the disease and the morbidity and mortality it causes 
The time has come when public interest will demand of physicians a knowledge 
of the fundamental facts about syphilitic infection and the physician must be 
prepared to answer the demand either of individual persons or of community 
groups eager to help curtail this public evil It is very convenient to have 
these fundamental facts so painstakingly and so clearly assembled as they 
are m Dr Vedder’s small book He has gone to original sources for his 
information and each chapter is followed by a valuable list of references The 
prevalence of S3'philis, sources of infection and methods of transmission, per- 
sonal prophylaxis, and public health measures are all satisfactorily considered 
A very sane and reasonable attitude is maintained throughout the book, notice- 
able particularly in his discussion of bitterly contested points, as foi instance 
the propriety of advocating and disseminating information on methods of 
venereal prophylaxis The book is ivntten clearly and in simple language so 
that an intelligent layman may easily understand it It might with profit be 
recommended to medical students 

Neoplastic Diseases By James Ewing, AM, M D , Sc D , Professor of 
Pathology at Cornell University Medical College, New York City Cloth 
Price, $1000 Pp 1027, with 479 illustrations Philadelphia and London 
W B Saunders Company, 1919 

Dr Ewing describes the purpose of his book in the preface “He has 
endeavored to analyze the numerous etiologic factors which meet in such diverse 
fashions in the inception of tumors, to emphasize the general dependence of 
clinical course upon histologic structure, to trace the histogenesis to the last 
degree, impressing its essential importance when known, and to enumerate and 
contrast the more striking clinical features which are often highly characteristic 
of different tumors After a brief section dealing with the general principles 
of oncology the author discusses the different types of tumor and then the 
varying manifestations of tumors in different regions Growths are considered 
regionally rather then histogenetically, a plan that adds greatly to the value of 
the book from the physician’s point of view Under each organ the different 
types of tumors that affect it are discussed, the varieties, the etiology, the 
pathological anatomy, the prognosis and the symptoms The reviewer has found 
the book very valuable to himself and recommends it heartily A great mass 
of information has been carefully gathered and arranged in easily accessible 
form The book is filled with good illustrations, and a carefully selected 
bibliography serves as a guide to more detailed information upon each tojiic 
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STUDIES ON ARTHRITIS IN THE ARMY, BASED ON 
FOUR HUNDRED CASES 

I PREAMBLE AND STATISTICAL ANALYSIS 
RALPH PEMBERTON, MD, Major, U C, U S Army 

WITH THE ASSISTANCE OF 

J W ROBERTSON, MD, First Lieutenant, M C, U S Army 

PHILADELPHIA 

The decision of the surgeon general to make special provision for 
the care and study of chronic arthritis in the Army, has permitted 
actiMties in this connection on a scale larger than has been possible in 
this country since the Civil War, or than seems likely to be possible 
again The advisability of such provision was indicated by seieral 
factors Statistics aiailable through the courtesy of Col A G Love, 
of the Sick and Wounded Division, U S Army, Washington, D C , 
based on data available up to Jan 1, 1918, indicated that for an army 
of four million men, for one year, there could be expected an incidence 
of upward of thirty thousand cases of chronic arthritis, excluding 
those of a tuberculous or a Neissenan nature The very limited degree 
to which our troops had participated in actne warfare at the time of 
compiling the above data suggested that with the subjection of more 
men to the same conditions these figures would be increased 

Observations by students of this subject among the Allied armies, 
and an independent survey of the cases presenting at a number of 
army hospitals in this country, gave added weight to these figures, not 
only m respect of the numbers, but also in respect of the types and 
seventy of the cases encountered It was plain, therefore, that chronic 
arthritis formed one of the larger medical problems affecting the soldier 
in ser\ ice, and, hence, the efficiency of the army as a whole 

The marked chronicity of this disease, as compared with most out- 
standing medical conditions in the army, gives added importance to 
this fact Further, the problem of the chronically arthntic soldier is 
extended to the cnil community after his discharge in a degree which 
bears comparison vv ith that of gunshot wounds Finally, the incidence 
of chronic arthritis in cimI life and the difficulty of meeting it are 
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already such as to make desirable eftorts to prevent their increase and 
to justify any well considered action which seeks to utilize the large 
opportunities created by the war m the study of this disease 

Because of the fact that U S Army General Hospital No 9, Lake- 
wood, N J , had already been designated as a center for investigative 
work, that it had a location easily accessible to returned overseas 
patients, and because of the presumably advantageous nature of the 
climate and soil there, the present studies were undertaken at this 
hospital 

The lines of investigation followed were determined by several 
factors Chief among these were the desirability of studying the 
metabolism of arthritis as a whole in a larger way than had yet been 
attempted by modern methods , the previous experiences of one of us 
(R P ), which permitted a point of attack different from most lines 
of investigation, and the desirability of amplifying these experiences 

Most of the recent work undertaken on arthritis has proceeded 
from a bacteriologic basis, and this phase of the problem has been 
covered so thoroughly that it appeared improbable that much would be 
achie\ed in this direction without extraordinary effort, especially as 
the investigative personnel and equipment of the hospital were estab- 
lished along physicochemical lines Bacteriologic studies in relation to 
chemical pathology were suggested, however, by the experience gained, 
and It IS clear m retrospect that bacteriologic work of the nature 
indicated, would have been of interest 

The present report, therefore, considers the following (a) the 
incidence of chronic arthritis in the army as a whole and a statistical 
analysis of the factors governing this incidence, the types of cases 
resulting and such clinical matters as have been suggested in the course 
of this study, (b) laboratory and clinical studies along a variety of 
lines, as to the nature of arthritis, based on a large number of the 400 
cases presenting, (c) experiences with certain types of treatment, and 
a brief analysis of some other forms of therapy with their indications , 
(d) recommendations directed toward lowering the incidence of 
arthritis in the arm)’-, toward the provision of personnel, equipment 
and other facilities suggested by these studies as important, toward 
reduction of hospital days and toward the early return to duty of 
soldiers the subject of this disease 

This report does not aim to present the subject of arthritis in the 
form of a treatise It attempts to reflect the conditions encountered, 

1 The arthritic serv’ice \\as inaugurated at U S Army General Hospital 
No 9, No\ 16, 1918, and terminated with the closing of the hospital about 
June 1, 1919, although the admissioq of patients had ceased and the discharge 
of patients i\as completed about tuo weeks earlier 
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to describe the work undertaken and to state such conclusions and 
recommendations as seemed warranted, 

STATISTICS 

Under a^erage conditions, chronic arthritis has its highest incidence 
around the fourth and fifth decades, although it may occur at any age 
The factors operating to produce it in young soldiers, under stress of 
warfare, presumably differ somewhat from those operating in civil 
life It was conceivable that such differences might be reflected in a 
critical anal)’^sis of the cases presenting, and that other fact obtainable, 
such as the distribution of ini olvement, etc , ivould also be of interest 
The study of each case began, therefore, ivith a critical and detailed 
examination as regards a considerable number of factors relating to 
the date and manner of the onset of the present attack , of the previous 
attacks, if any, the condition of health prior to the present attack, 
treatment received, and the like A complete medical examination 
followed, including routine, full and differential blood counts Wasser- 
mann test, etc, after which the subject was referred routinely for 
examination to the eye, ear, nose and throat department, the dental 
and gemto-urinaiyf departments and, wdien indicated, to the roentgen- 
ray department Details regarding these examinations and the actions 
and conclusions based on them appear under the appropnate headings 
Many of the patients were additionally made the subject of particular 
laboratory and other studies Most of the patients m the present 
series were returned from overseas, although a considerable percentage 
came from camps in this country More than 420 patients were 
admitted to or examined by the arthntic seiwnce, but the following 
statistics are based on 400 cases, after eliminating those of doubtful 
nature 

STATISTICAL ANALYSIS OF FOUR HUKDRED CASES OF ARTHRITIS ADMITTED 
TO U S ARMY GENERAL HOSPITAL NO 9, LAKEW^OOD, N. J " 

It was found that 256 patients (64 per cent ) had arthritis only, 
112 (28 per cent ) had a combination of arthntis and myositis; tw^enty- 
twm (51/4 per cent) had myositis only, seien (175 per cent) had 
neiwe invohement (neuritis) only, and three (0 75 per cent) w^ere 
listed as doubtful 

The average age of all patients w^as 28 26 years, while that of the 
worst cases shownng the least improvement w as 29 38 years 

2 Compiled wath the assistance of First Lieut John W Robertson, M C 
Associated at various times with the arthritis sen ice at this hospital were 
also Capt Louis A Levison, M C, on whom fell much of the routine medical 
care of the patients, First Lieut Willard Phippard, M C, and First Lieut 
Jacob Afitchell, M C It is a pleasure to acknowledge the cooperation of 
these officers, particularly Captain LcMSon 
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The precipitating factors in order of frequency were as follows 



No 

Per 


Cases 

Cent 

Exposure 

232 

58 

Dysentery- 

33 

8 25 

Injury 

30 

75 

“Flu” 

28 

7 

“Gas” 

23 

5 75 

Drilling and hiking 

15 

3 75 

Tonsillitis 

13 

3 25 

Pneumonia 

6 

15 

Neisserian infection 

4 

1 


Under a miscellaneous listing of precipitating factors 

1 case followed meningitis 

2 cases followed appendicitis 

2 cases followed measles 

3 cases followed mumps 

2 cases followed scarlet fever 

1 case followed the injection of pneumococcic vaccine 

1 case followed acute bronchitis 

2 cases followed "boils” 

2 cases followed abscess of the jaw (from tooth) 


It was found that in forty-eight cases (12 per cent) there was 
more than one precipitating factor, for instance, exposure and dysen- 
tery may have played an equally important role in one and the same 
case 

Fifty-six cases (14 per cent ) were listed as having an unknown 
precipitating factor 

One hundred and forty-three patients (35 75 per cent) had had 
attacks of “rheumatism” prior to their army service In contrast to 
this only eight of 113 nonarthntic patients (7 per cent plus) on the 
surgical and orthopedic wards, questioned at random as to any his- 
tory of “rheumatism,” had had attacks of this nature In other words, 
the incidence of previous attacks of arthritis or “rheumatism” was 
five times more frequent in the cases m this senes than in cases at 
large admitted to the hospital for other conditions This point is 
referred to more fully under the caption “Summary ” 

Statistics compiled under the direction of Capt Bertnard Smith, 
chief of the cardiovascular department of the hospital, and made avail- 
able through his courtesy showed that m 350 cases of functional 
cardiac disorder, the incidence of rheumatic attacks prior to admission 
to the hospital u as less than 6 per cent 
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Distribution of Invouement 



No 

Per 


Cases 

Cent 

Knee 

248 

62 

Ankle 

141 

35 25 

Hip 

135 

33 75 

Shoulder 

127 

31 75 

Legs (muscle) 

89 

2225 

Hand 

58 

14 50 

Spine 

54 

13 50 

Foot 

48 

12 

Wrist 

47 

1175 

Elbow 

39 

975 

Back (muscle) 

33 

8 25 

Arm 

30 

7 50 

Thigh 

28 

7 

Ileosacral joint 

16 

4 

Heel 

7 

175 

Sciatic nerve 

4 

1 

Jaw 

3 

0 75 

Lumbosacral joint 

2 

0 50 

Facial nerve 

1 

025 


It was noted that 228 cases (57 per cent ) showed a combination of 
two or more of the abo\e distributions, ranging in a few cases up to 
invoh ement of practically all joints in the same case 

RELATIVE TO SURGICAL FOCI 

The accepted relation of foci of infection to many cases of arthritis 
made desirable careful analysis of all cases in this regard Fuller con- 
sideration of this analysis follows presentation of the figures resulting 

One hundred and se^en persons (26 75 per cent ) were taken sick 
in the apparent absence of demonstrable surgical foci Two hundred 
and ninety-three persons (73 25 per cent ) showed demonstrable sur- 
gical foci Of this latter number 208 showed foci in the tonsils This 
IS 52 per cent of the entire series and is 71 per cent (minus) of all 
cases (293) showing foci 

One hundied and thirty-four persons (33 50 per cent) m the 
entire series, or 45 73 per cent of those showing a demonstrable sui- 
gical focus, were positive for a dental focus Fifty persons, 12 50 per 
cent in the entire senes, or 17 per cent (plus) of those showing a 
focus, were positn e foi a genito-urinar)' focus Of the above 293 per- 
sons showing a focus in any of the above three distributions, seventy- 
eight (19 50 per cent of 400) showed a combination of both dental 
and tonsillar foci This is 26 62 per cent of the 293 persons having a 
focus somewhere 

It was also found that thirty-eight persons showed some combina- 
tion of foci other than dental and tonsillar, as for instance dental and 
gemto-urmary or tonsillar and genito-uiinary This number was 9 50 
per cent of the entiie series or 13 per cent (minus) of the 293 per- 
sons shoiMiig foci 
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Regarding Progress 


No 

Per 


Cases 

Cent 

Remarks 

92 

23 

Recovered m the apparent absence of a demon- 
strable focus 

184 

46 

Recovered in the presence of a demonstrable 
focus 

34 

85 

Recovered after the removal of foci 

31 

7 75 

Were improved after the removal of foci 

28 

7 

Were unimproved after the removal of foci 

310 

77 5 

Recovered “by whatever means ” 

74 

18 5 

Improved “by whatever means ” 

16 

4 

Were unimproved “by whatever means ” 


On a basis of the last 100 cases of the series, investigated more 
fully for this point, five patients (5 per cent ) improved in the apparent 
absence of foci, twenty-five (25 per cent) improved in the presence 
of unremoved foci 

Several points of interest are developed from a study of these 
figures Exposure took precedent of all other factors as the exciting 
agent There is, of course, m any statistical compilation room for 
error m the emphasis placed on any one factor, but the clear-cut state- 
ments of the soldiers questioned, and the unanimity with which these 
agreed, made it clear that after making all allowances for error, 
exposure to cold and wet is a factor of major importance in producing 
rheumatoid and arthritic disabilities among soldiers in service under 
present conditions of warfare 

By the term “exposed to cold and wet” is meant protracted subjec- 
tion to such conditions as deep mud or heavy ram which kept the men, 
or at least their legs and feet and often their entire bodies, wet for 
hours, days or even weeks at a stretch Sleeping consecutive nights 
on stone or cement floors or Avet earth m stone outhouses is also 
included under this head, and figured frequently not only m the his- 
tones elicited, but as causative factors in the conscious experiences of 
the men themselves In one extreme example of this series, disability 
dated abruptly from being caught between allied and enemy fire m a 
swamp where the command was forced to remain sixty hours, during 
which time this soldier was in water up to his knees Other such and 
repeated instances leave no doubt as to the etiologic relation of expo- 
sure of various kinds 

It is of interest that the factor next most frequently encountered 
after a marked percentage drop was dysentery, which is separated by 
relatively small differences from injury and “flu ” Under “Clinical 
Considerations,” mention will be made of certain points of interest in 
this connection It is noteworthy that drilling and hiking were recorded 
as the exciting factors in only a small percentage of cases, namely, 
3 75 per cent 

Analysis of the distribution of involvement indicates that the fre- 
quency of disability in the knee is outstanding in contrast to involve- 
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ment of the ankle, hip and shoulder This suggests an immediate 
influence from trauma on the weight bearing parts The frequency, 
however, of involvement of the knee under civil conditions, the fact 
that the shoulders were involved almost as frequently as the hip and 
ankle, the fact that m a great majority of instances the disease was 
more or less systemic m its manifestations, and the impressive evidence 
adduced by the men themselves in relating their disabilities to cold 
and wet, would seem to indicate that mechanical agencies, such as 
trauma m marching, played a role not conspicuously greater than they 
do in civil life ® 

The involvement of the jaw among soldiers was conspicuously 
infrequent as compared with civil life The phalangeal and meta- 
carpophalangeal joints of the hand were involved m 14^ per cent 

Certain interesting and instructive relations were indicated by the 
analysis of all cases presenting in this series for surgical foci m any 
part of the body As mentioned, eflforts to this end formed one of the 
fundamental bases of study and treatment of this group ^ It is gen- 
erally conceded that the most frequent sites of focal infection are the 
tonsils, teeth, geiiito-unnary tract and accessory sinuses of the head, 
although it may occur almost anywhere m the body The question of 
what constitutes pathology, particularly in the tonsils, and when it 
potentially operates as a focus of infection is a matter on which there 
IS much room for discussion, and it is probable that no observations 
to this end can be immune from criticism It is particularly difficult 
to determine the absence of all foci of infection, and m this connection 
evidence must be largely presumptive, however carefully obtained 
Studies at the hands of many observers, and experience afforded by 
the work here presented, indicate that harmful foci may be contained 
within tonsils deeply buried and innocuous m appearance At the 
hands of critical observers, however, it is possible to indicate, m a 
great majority of cases, when present, the existence of definite path- 
ology> particularly perhaps m the teeth, where the roentgen rays often 
confirm or refute suspicious evidence It is probable, therefore, that 
the error on the positive site is small 

Referring to the figures, it will be noted that 107 patients, or about 
27 per cent , were taken sick in the apparent absence of demonstrable 
surgical foci m the head, nose, throat, teeth or genito-urinary tract 

3 In a thorough analysis of the results of tonsillectomy in 200 consecutive 
cases of myositis and arthritis, Lillie and Lyons (J A M A 72 1214 [April 
26] 1919) found that under civil conditions the knees were involved with 
greater frequency than other joints 

4 Obligation is expressed for the painstaking and cooperative efforts of the 
medical officers conducting the department of the eye, ear, nose and throat, 
especially Capt Watson W Gailey, Jr, and Capt T W Davis, M C, U S* 
Army 



238 


ARCHIVES OF INTERNAL MEDICINE 


Bearing in mind that there is a possible error in the exact number 
classed in this category, it nevertheless becomes apparent that an 
important percentage of these soldiers were free from the gross 
pathology so frequently found in civil life m connection with this 
disease On the other hand, 184 patients, or 46 per cent , recovered in 
the presence of demonstrable foci This fact is particularly instruc- 
tive It IS less impressive when indicated by figures than when demon- 
strated by intimate contact with scores of men, invalided for months, 
and, in many cases, a year or more by severe and widespread arthritis, 
who have achieved recovery^ without residual pathology along lines of 
expectant treatment, aided sometimes by local measures Under the 
pressure of war conditions, it was clearly difficult or impossible to give 
these men the attention they deserved and should have had In view 
of the large role played by exposure as an exciting factor , in view of 
the recovery from arthritis of many soldiers carrying demonstrable 
surgical foci, usually in their tonsils, it is impossible to escape the con- 
clusion that the men constituting the group here studied, showed a large 
independence of focal infection It is to be borne m mind that many 
men were convalescing or well on admission to the hospital Many 
men would certainly have gotten well sooner had their foci been 
removed It should not be deduced that the removal of foci is unim- 
portant It IS of great importance and is made the basis of one of the 
recommendations to be mentioned later In this particular group, how- 
ever, It must be recognized that more men got well with no attention 
to foci than got well after removal of them This conclusion will 
appear somewhat at variance with the relation focal infections are 
known frequently to bear to the disease, and should not be interpreted 
as justifying neglect of this established role, indeed, the evidence 
adduced from this series substantiates this relation strongly Bearing 
this relation in mind, however, it is proper, if possible, to establish its 
limits etiologically and therapeutically It is probable that there is here 
evidenced a distinct contrast to the conditions influencing chronic 
arthritis in civil life, and that the age of the subjects and the recupera- 
tive powers of youth must be given large significance Under “Treat- 
ment,” mention will be made of the possible practical application of 
this conclusion 

It IS of much interest to note that only fifty cases, or 1214 cent , 
of the series showed a possible focus m the genito-unnary tract 
Indeed, of this number showing demonstrable pathology, only a trifling 
number were believed to have actual relation to the intercurrent 
arthritis, and it seems safe to conclude that genito-unnary infections 
played a small role in the causation of chronic arthritis m the army 
The focal genito-unnary infections found ivere referable in only a 
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small percentage to venereal disease per se ^ It is also of interest to 
note that only eight cases, or 2 pei cent, showed a sustained and 
undoubtd Wassermann reaction This entirely corroborates the experi- 
ence of one of us (R P ) m civil life, and there seems little doubt that 
syphilis plays a negligible role in the causation of chronic arthritis 

DENTAL roci 

An analysis of 397 cases for the percentage incidence of the various 
types of dental pathology was prepared by Capt W E Mentzei, 
Dental Corps, to whom obligation must be expressed for cordial and 
skilful cooperation ® As noted above, definite dental foci of infection 
presented in only 134 cases, or 33p2 per cent , and tonsillar foci were 
present m 208 cases, or 52 pei cent It is rather astonishing that the 
combination of tonsillar and dental patholog}’- should be piesent in 
only seventy-eight, or 191/4 per cent of the entire 400 cases This was 
not due to over-attention to one focus, when found, with consequent 
neglect of other possible foci, as all cases were examined routinely and 
independently 

In examining patients from the dental standpoint, any condition 
about the mouth from which absorption might take place, was con- 
sidered a possible focus, and the case was studied further from that 
standpoint The subject of caries was divided into three classes, 
respectively, slight, medium and heavy, to assist the dental department 
111 giving attention first to the most needy cases Under “caries slight ” 
are classed the cases in which the enamel was etched or just broken , 
under “caries medium,” are classed the cases in which the decay had 
proceeded farther, but not far enough to endanger the pulp, and under 
“caries heavy,” are classed the cases in which the pulp was endangered 
or already exposed 

Conditions falling under the classifications “simple gingivitis,” and 
“condition of the gums, fair or poor,” were not regarded as foci, but 
uere considered as paving the way for infection and suppuration, and 
were corrected immediately to prevent the deeper tissues from becom- 
ing involved The number of cases falling under “gingivitis simple,” 
and “condition of gums poor,” was large owing to the fact that these 
patients were not able to give their mouths the a^erage amount of 
care This is illustrated by the number of subjects showing sain ary 
deposits Under “pockets” about the necks of teeth have been listed 
all cases where such conditions were found, whether suppuratne or 

5 Opinion of Capt George G Smith, chief of the genito-unnari sen ice 
at U S Army General Hospital No 9 

6 All 400 cases were analyzed for dental foci as mentioned, but calculation 
of the percentage incidence of different kinds of dental pathology Mas made 
on only 397 cases 
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nonsuppurative Very few of these cases were suppurative , the larger 
number, being caused by calculus deposits or the impaction of food 
between the teeth, had not progressed to that degree When ulcerative 
gingivitis was present, or when there were pockets about the necks 
of the teeth, it became necessary for the examiner to determine 
whether m his opinion the condition present constituted a focus or not 
Under abscessed teeth come the various alveolar abscesses, acute, 
chronic (with and without sinus) and blind abscesses, all of which 
were classed as constituting foci The roentgen rays were resorted to 
when there were deep pockets about the necks of the teeth and in all 
cases m which there was the least possibility of an apical abscess An 
analysis of 397 cases revealed the following conditions in the propor- 
tions indicated 


Canes, slight 
Canes, medium 
Canes, heavy 
Calculus, subgingival 
Calculus, salivary 
Condition of gums, good 
Condition of gums, fair 
Condition of gums, poor 
Gingivitis, simple 

Gingivitis, ulcerative, 25, 
Pockets about necks of teetl 


118, not constituting a focus 
80, not constituting a focus 
79, not constituting a focus 
211, not constituting a focus 
116, not constituting a focus 
164, not constituting a focus 
103, not constituting a focus 
112, not constituting a focus 
216, not constituting a focus 
constituting a possible focus, 
1 , 77, constituting possible foci, 


Abscessed teeth, 126, constituting foci of infection , Incidence 
of abscessed teeth among all cases examined, 30 per cent 


Only nine cases showing either pockets about the necks of the teeth 
or ulcerative gingivitis, or both, were considered actual foci of infec- 
tion, making a total of 135 instances, or 34 per cent 



STUDIES ON ARTHRITIS IN THE ARMY BASED ON 
FOUR HUNDRED CASES 

II OBSERVATIONS ON THE BASAL METABOLISM 

RALPH PEMBERTON, MD 
Major, M C, U S Army 

PHILADELPHIA 

AND 

EDNA H TOMPKINS 

BOSTON 

Few, if any, observations have been available to date on the basal 
metabolism of chronic arthritis Some of the evidence regarding this 
disease has indicated that a variety of agents whose action is supposed 
to hasten the body metabolism, such as thyroid extract, radium and the 
loentgen ray, may, at times, exercise definitely beneficial effects, and 
that certain subjects of chronic arthritis do very much better on a 
lowered food intake, particularly of carbohydrate, than they do on an 
unrestricted diet^ These, and other, consideiations have suggested 
that there might be m chronic arthritis a lowering or retardation of the 
body metabolism which would express itself in summation figures , 
although it IS, of course, possible that the intermediary metabolism 
might be markedly disturbed without being reflected in such totals 
The basal metabolism was, therefore, studied in a senes of twenty- 
nine cases The observations were made by indirect calorimetry, using 
the Tissot method Analyses of the expired air were earned out on 
the Haldane gas apparatus “ Table 1 shows the lesults obtained Of 
the twenty-nine cases studied, 80 per cent showed a metabolism within 
normal limits , 20 per cent showed a metabolism slightly below normal 
limits ® The metabolic data give no explanation for this deviation 
From the respiratory quotients no abnormality can be detected in the 
percentage of calories obtained from the three foodstuffs Nothing 
abnormal was found in the pulse, tempeiature or minute volumes of 
air breathed at the times of the determinations In the cases showing 
a basal metabolism below the normal limits, no paiticulai relation 
could be determined between the seventy of the disease, age or con- 
dition of the patient (whether active or bed-ridden), atrophy of 
muscle, edema or other factois 

1 Pemberton, R Am J M Sc 153 678 (Maj ) 1917 

2 Peabodi', Wearn and Tompkins The Basal Metabolism in Cases of the 
Irritable Heart of Soldiers, Med Clin N America 2 507 (Sept ) 1918 

3 The second experiment on Robbins is not included in eitiier percentage 
because he was then on a limited diet 
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TABLE 1 — Basal Metabolism in Twenty-Nine Cases of Chronic Arthritis 


Name 

Case 

Date 

Age 

s 

o 

4* 

3 

*s 

w 

Weight, Kg 

Buccal Tempera- 
ture P 

Pulse 

C c of COo per 
Minute 

C c Oxygen per 
Minute 

Respiratorj 

Quotient 

Volume per Mm 
ute, L 

Calorics per Sq 
Meter 

Metabolism Per 
centage from 
Normal 

Masood 

10 

11/21 

23 

167 

57 7 

988 

75 

186 

226 


513 

39 8 

—1 

GrondjLe 

83 

1/21 

59 

160 

50 0 

98 4 

85 

■imi 

176 


466 

34 2 

—2* 

Brice 

16 

1/16 

46 


53 9 

98 2 

78 

168 

212 

Kill 

428 

37 3 

—3 

Dekim 

84 

9/21 

42 


64 3 

98 4 

64 

171 

235 

Hu] 

4 67 

37 6 

-3t 

Leemnn 

85 

9/22 

19 

174 

58 2 

97 8 

67 

219 

227 

Km 

6 55 

40 0 

—3 

Hinman 

11 

12/13 

25 

161 

57 0 

97 5 

52 

181 

206 


4 91 

381 

—4 

Stone 

28 

1/ 6 

40 

167 

53 9 

97 7 

59 

186 

194 

0 96 

5 06 

36 5 

—5* 

Cox 

79 

12/ 7 

36 

177 

65 9 

97 4 

59 

191 

236 

0 81 

6 04 

37 4 

—6 

Jafij 

7 

11/22 

24 

168 

507 

98 2 

73 

156 

203 

0 77 

4 70 

371 


Hayes 

6 

12/ 7 

29 

180 

566 

97 7 

68 

167 

218 

0 77 

4 51 

36 2 

—8 

Robbins 

1 

11/19 

25 

192 

78 4 

98 7 

69 

229 

257 

0 89 

690 

36 6 

—8 

Robbins 

1 

1/ 6 



77 3 

97 6 

61 

184 

245 

0 75 

4 86 

34 2 

—14 

Burners 

13 

1/ 9 

40 

163 

47 3 

97 0 

67 

134 

169 

0 79 

383 

32 8 

—9 

Beck 

5 

11/19 

26 

189 

65 0 

97 4 

55 

199 

232 

086 

482 

35 9 

—10 

Lowe 

14 

1/28 

42 

177 

691 

97 6 

60 

184 

216 

0 86 

5 50 

34 1 

—11 

Zuch 

86 

12/ 6 

25 

172 

70 5 

98 0 

54 

167 

226 

0 74 

4 00 

350 

—12 

Sharpe 

87 

12/ 4 

46 

178 

78 4 

97 8 

62 

191 

229 

084 

4 64 

33 8 

—13 

Haeberle 

2 

12/ 7 

29 

175 

68 4 

97 6 

73 

158 

216 

0 73 

3 91 

334 

-15* 

Blow ers 

3 

12/ 2 

41 

179 

682 

97 7 

58 

169 

211 

0 80 

4 89 

32 7 

—16 

Martin 

8 

11/20 

45 

172 

666 

982 

72 

139 

191 

0 73 

5 01 

30 6 

—21 

Oberg 

22 

2/ 3 

24 

169 

49 7 

98 4 

93 


214 

0 79 

4 42 

39 6 

-t-O 

Bartkiavicus 

88 

12/10 

26 

178 

81 8 

97 4 

65 

223 

277 

0 81 

6 24 

40 0 

+1 

Cichon 

89 

12/ 9 

22 

163 

616 

981 

59 

188 

229 

0 83 

599 

39 9 

+1* 

Mulledy 

90 

11/21 

21 

178 

78 3 

98 4 

66 

220 

279 

0 79 

599 

40 7 

-t-3» 

Saxton 

91 

9/22 

24 

181 

71 6 

980 

65 

207 

270 

077 

664 

40 5 

+3 

Kolden 

92 

9/21 

28 

171 

607 

98 0 

72 

205 

251 

0 82 

5 71 

42 2 

+7{ 

Hamburg 

93 

12/ 9 

23 

168 

620 

98 4 

76 

200 

260 

0 77 

513 

431 

4*9 

Meadows 

94 

11/21 

23 

168 

52 5 

97 8 

52 

200 

235 

0 85 

6 52 

431 

-i-9§ 

Boyd 

12 

12/13 

24 

165 

49 5 

98 5 

SO 

199 

228 

0 87 

5 45 

43 7 

+11 


* Periods disagreed by 4 per cent 
■f Periods disagreed by 5 pei cent 
j Periods disagreed by 0 per cent 

« Restless in Period II, periods disagreed bj 8 per cent 




















STUDIES ON ARTHRITIS IN THE ARMY BASED ON 
FOUR HUNDRED CASES 


III STUDIES ON THE NITROGEN, UREA, CARBON DIOXID COMBINING 
POWER, CALCIUM, TOTAL FAT AND CHOLESTEROL OF THE FAST- 
ING BLOOD, RENAL FUNCTION, BLOOD SUGAR AND 
SUGAR TOLERANCE 

RALPH PEMBERTON, MD 
Major, M C , U S Army 

PHILADELPHIA 

AND 

GOODWIN L FOSTER 
Second Lieutenant, S C , U S Army 

SAN FRANCISCO 

NITROGEN AND UREA OF THE BLOOD 
In previous communications^ evidence was advanced to show that 
there is no disturbance of the fasting level of the blood urea or non- 
protem nitrogen in cases of chronic arthritis It was believed impor- 
tant, however, in studying the present relatively large group to include 
consideration of these factors in order further to substantiate or dis- 
prove these findings Accordingly, determinations of blood nitrogen 
and urea were conducted m a series of seventeen cases The blood 
samples were collected m the moining before the patient received his 
breakfast Nonprotein nitrogen was determined by the direct ness- 
lerization method of Fohn and Denis^ and blood urea by the method 
of Van Slyke and Cullen ^ The figures herewith appended show that 
all cases, including those of the most severe type, fall well within 
normal limits These observations were further supported by inde- 
pendent determination by Lieut Thomas E Buckman, M C , on the 
blood nitrogen made m connection with studies on creatin and crea- 
tmm (see section devoted to this subject) using ten patients of the 
present series as well as many other patients, a total of fifty In a 
series then of sixty-seven observations in fifty-seven cases of chronic 
arthritis the fasting blood nitrogen fell within normal limits in all but 
two cases One of these patients was a man, aged 46 years, with 
cirrhosis of the liver and renal calculus, who gave 45 4 mg of nitrogen 
per hundred c c of blood The other patient was a man, aged 21 years, 
with a chronic arthritis of one knee, who gave 38 5 mg There was no 
other evident disturbance of his health 


1 Pemberton, R Am J M Sc 147 423 (March) 1914 

2 Folm and Denis J Biol Chem 26 473, 1916 

3 Van Slyke and Cullen J Biol Chem 19 211, 1914 
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TABLE 1 — Blood Urea and Nonprotein Nitrogen * 


Name 

Case 

Date 

Nonprotein 

Nitrogen, 

Mg 

Urea 

Nitrogen, 

Mg 

Heaberle 

2 

1/22 

29 7 


Robbins 

1 

1/ 9 

30 5 


Hayes 

G 

1/10-2/6 

23 5 


Martin 

8 

12/26 

27 5 


Jaffy 

7 

1/10 

28 0 


McGrann 

4 

1/10 

28 2 


Studebaker 

15 

1/16 

29 3 


Boyd 

12 

1/9 

24 6 


Hinman 

11 

1/ 6 



Masood 

10 

12/31 



Lowe 

14 

1/13 

23 5 


Wassoon 

20 

1/29 

30 0 


Whittington 

21 

1/31 

278 


Oberg 

22 

1/31 

23 0 


O’Brien 

23 

2/ 4 

26 8 


Faulkner 

17 

1/22 

22 3 


Mrs K 

53 

3/29 

25 0 

■■ 


* For further obser^ ations on nitrogen of the fasting blood, see the section on creatin, 
Part IV 


CARBON DIOXID COMBINING POWER OF THE BLOOD 

Studies were conducted in a senes of seventeen cases of chronic 
arthritis in respect of the carbon dioxid combining power of the blood 
as an index of acidosis In three of these cases determinations were 
repeated, making twenty observations in all In every case the figures 
fell well within normal limits, the lowest being 53 and the highest 67 
The determinations were made on the blood plasma by Van Slyke’s 
gastometnc method^ Cases 6, 8, 7, 4, 10, 14 and 22 of this senes 
showed advanced disease 


TABLE 2 — Plasma Bicarbonate 


Name 

Case 

Date 

CO 2 
Volume 
per Cent 

Date 

CO= 
Volume 
per Cent 

Remarks 

Haeberie 

2 

1/22 

64 



Great bone atropin 

Robbins 

1 

12/30 

04 



Severe type 

Hayes 

6 

12/26 

57 



Severe type 

Martin 

8 

12/26 

C5 



Se\ ere type 

Beeman 

9 

12/26 

64 



Mild type 

Jaffy 

7 

1/10 

53 

) 


Severe type 

McOrann 

4 

1/10 

54 



Quite severe 

Studebaker 

15 

1/16 

64 



Quite severe 

Boyd 

12 

1/ 9 

05 



Intermittent type 

Hinman 

11 

1/ 2 

60 

1/6 

62 

Mild type 

Masood 

10 

12/31 

61 

1/2 

59 

Severe type 

Lowe 

14 

1/13 

58 



Severe type 

Wasson 

20 

1/29 

67 



Severe type 

Whittington 

21 

1/31 

67 



Quite severe 

Oberg 

22 

1/31 

59 

2/4 

67 

Severe type 

O’Brien 

23 

2/ 4 

58 



Severe tj pe 

Faulkner 

17 

1/22 

61 



Mild tj pe 


4 Van Slyke J Biol Chem 30 397, 1917 
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THE CALCrUlM OF THE CIPCULA.TIXG BLOOD 

In Mev,' of the knov.'n absorption and deposition ot lime salts in 
chronic arthritis affecting the osseous tissues it v.as thought interest- 
ing to include obsenations on the calcium in the tasting blood in 
various t}pes There can be little question that in the processes vhich 
result in atroph} or o\ergrovth of bone there is a disturbance of the 
normal calaum balance between the fixed and the fluid tissues and 
possibly of the total bod\ balance as nell Goldthv'aite Painter and 
Osgood^ ha%e reported a loss of calcium in the cases of atrophic and 
h}'pertrophic arthntis studied by them It v.a.s not practicable, how- 
e\er, to conduct calcium balance determinations in the present series 
Qinicalh', cases and ripes of arthritis differ markedly in respect of 
the absorption or deposition of bony tissue and dependable \anations 
of the blood calcium might be of lalue for differential diagnosis or 
classification. Obsenations v.ere accordingly made on the blood cal- 
aum under fasting conditions b} means of L}'man's nephelometric 
method.® Ten cases vrere studied and the results obtained were found 
to fall with surprising uniformit}- within normal limits corresponding 
well with other determinations made in the same laboratorv* on other 
types of disease and on healthy individuals. The cases studied were 
mostly of great severity, although three patients of the senes repre- 
sented milder types. 


T.-^BLE 3 — ^Blood C\Lam 


Xaine 

Case 

Date 

1 Ca’'’ era, j 

[ P^tVO 

1 

r 

1 

1 Bemarks 

Lo^re ... 

li 

if s 

1 'I 

^ererp 


# 

4/ 5 

7a 

Conral^cng 

Jlctntrxe 

a? 


722 

iIo'i‘*rate 

Hares . . ... 

c 

i> s 

7-2 


VrbittiBgto:^ . .. 

ei 

if 0 


1 Hoderate 

CravrfonJ- 

71 

i 5> 

72 


iIcKear'e .... 

C2 

i 2S 

7J3 

Severe mtr-iPittQt 

Ob^„ . . . 


4f2S 

7.2 

Sere'e 

Cotter . 

35 

5' 1 

7JS 

2ind 

James 

iS 


71 

rnip-ov,3g 


THE TCT-\L FAT .\XD CHOLESTEROL OF THE F.^STIXG BLOOD 

A considerable field of investigation has been opened up of late in 
connecbon with the blood fats and cholesterol and their relation to 
metabolism : more particularly since the introduction of Bloor s simpler 
anahtical methods There has been made possible the accumulation 
of data in a variety of pathologic conditions tending to place certain 

5 Goldthv.aite. Painter and Osgood* Am. iled 7 : 5-^7 590 C.Aonl and 9) 

1904 ' ^ 

6 Ljman: J. Biol Cfeem 29:169, 1917. 
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phases of the metabolism of fat on a basis analogous to that obtaining 
with the nitrogen and urea of the blood Apart from the desirability, 
on general grounds, of utilizing these methods in studying the metab- 



Chart 1 — The salt and water output for normal persons and arthritis patients 


ohsm of arthritis, such considerations were given added relevance by 
the evidence at hand regarding blood nitrogen, blood sugar and the 
influence of a reduced diet in this disease (see sections devoted to 
these topics) Studies were, therefore, conducted on the total fats 
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and cholesterol of the fasting blood, using the method of Bloor " 
Determinations were made on fourteen subjects, but ga^e, as Table 4 
shows, results ^\hlch fall within the rather AMde range attributed to 
normal values All degrees of severity of the disease were represented 


TABLE 4 — Blood Lipoids 


Name 

Case 

Date 

Total Fit 

Cholesterol 

Blood, 
per Cent 

Plasma, 
per Cent 

Blood, 
per Cent 

Plasma, 
per Cent 

Robbins 

1 

— 

0C6S 

0 738 

0105 

0137 

Hayes 

G 

Hiifl 

OCIC 

0 080 

0 093 

0 082 

Jaffy 

T 


0 381 

0 4C5 

0 079 

0 072 

McGrann 

i 

1/10 

0 400 

0 410 

OOSO 

0 075 

Boyd 

12 

1/ 9 

0C30 

0 690 

0144 

0109 

Hinman 

11 

1/ 6 

0 420 

OCOO 

0 078 

0 077 

Masood 

10 

1/ 6 

0 360 

0 483 

0124 

0101 

LoTce 

14 

1/13 

0 41G 

0 440 

0103 

0 097 

Wasson 

20 

1/29 

0 410 

0 4C0 

0 097 

0 0G7 

Whittington 

21 

2/ 4 

0 378 

0 438 

0 098 

0 075 


22 

2/ 4 

0418 

0 444 

0 073 

0 070 

J nnsen 

48 

5/ 5 

0 380 

0 420 

0 080 

OOGS 

Herron 

CO 

5/ 5 

0 415 

0 448 

0 090 

0 071 

Cotter 

55 

5/ 5 

0 432 

0 450 

0 095 

0 070 


THE RENAL FLNCTION 

Until the role frequently played by focal infections w^as appreciated, 
It w^as long the custom, and still is in many quarters, to attach chief 
importance to the stimulation of all eliminative functions, particularly 
those of the skin, as factors in the therapeusis of arthritis It cannot 
be denied that there is evidence that such measures play a useful, if 
limited, role, especially in combination wnth other measures, in cases 
tending to improve and those in which the basis is laid for con- 
\alescence Their importance per se, how^e\er, has possibly been 
somew'hat overestimated They rarely remove the cause of the disease, 
and the results attributed to them are sometimes referable to other 
incidental or intended factors It is further possible, or even probable, 
that the measures necessary to promote elimination through the skin 
depend for their beneficial eflfect on factors of which the sw^eatmg 
per se is largely an incidental consequence Efforts at increasing elim- 
ination by copious drinking of water, and even by active purgation, 
have also had large emphasis at many hands, and one patient in the 
present series had lost 20 pounds in weight from active daily catharsis 
long continued The value of compensatory elimination through the 
skin and bowels in certain nephritic states cannot be doubted, and long 
ago suggested itself as possibly of value in arthntis Whether its 
benefits in arthntis depend on the inability of the kidney to perform 
Its normal functions properl}^ however, has been the subject of only 
a limited amount of study 

7 Bloor J Biol Chem 17 377, 1914, 23.317, 1915 
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Evidence adduced by one of us® (see also chapter on blood 
nitrogen) as to the renal function in arthritis, when measured by the 
phenolsulphonephthalein test and the urea and noncoagulable nitrogen 
of the blood, has indicated no departure from normal as far as these 
tests are concerned It seemed advisable, however, to examine the 
question of renal function from another angle in view of the excep- 
tional number of subjects and their relative freedom from the factors 
of later life which might cloud the issue 

No attempt will be made here to weigh the values of the various 
tests of kidney function or their worth in indicating the nature of the 
underlying pathology Suffice it, that of the several methods, the 



Chart 2 — ^The cur\es of sugar tolerance in eight normal individuals The 
ordinates are percentage concentrations of blood sugar, the abscissae are time 
periods of one half, one, two and three hours, respectively The black trans- 
verse line in this and the following charts corresponds to a percentage sugar 
concentration of 0 150 and is at the approximate upper limit of normality after 
feeding 100 gm of glucose The glucose was ingested immediately after 
determination of the first point on each curve The second point was deter- 
mined one-half or one hour, generally one-half hour, after the first 

method depending on the renal test meal of Hedinger and Schlayer, 
modified by MosenthaP probably gives the earliest indications of 
diminished kidney efficiency, and, in addition, has not been applied 
hitherto to the study of arthritis in any large way This test depends 


8 Pemberton, R Am J M Sc 147 423 (March) 1914 

9 Mosenthal and Lewis J A M A 67 933, 1916 
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on the eliminative response of the kidney to approximately constant 
amounts of water, salt and nitrogen ingested in a generous mixed 
dietary of about 2,100 calories We, therefore, adopted this test as a 
further means of studying the renal function m a considerable senes 
of arthritics and normal individuals, and followed, with a few modi- 
fications, the directions laid down by the authors 



At 8 a m the patient emptied the bladder and was then given 
breakfast, the urine was then collected in two-hour periods up to 
8pm The midday and evening meals w^ere taken at 12 noon and 
6pm, respectively The night urine from 8 p m to 8 a m was 
collected in one specimen The urine was examined in the usual way 
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for volume, specific gravity and chlorids, and the total nitrogen was 
determined on the composite twenty-four-hour amount 

During the day of the test the patient was required to keep as quiet 
as possible, and all medication and physiotherapy which might vitiate 
the results were omitted The patient was watched carefully, and 
results were discarded when there was suspicion that the patient did 
not follow directions closely The diet administered was prepared by 
trained dietitians m the diet kitchen Its composition is indicated in 
Table 5 It corresponds to the so-called “high” protein diet used by 
Mosenthal, although he has indicated that certain characteristics, as 
shown “by the specific gravity of all the specimens and the volume of 
the night urine, are present regardless of the diet and may be regarded 
as the normal standards by which to judge similar tests in abnormal 
individuals ” 


TABLE 5 — Test Diet 


Foodstuff 

Quantity 

Protein, 

Gm 

Carbo 

hydrate, 

Gm 

Fat, 

Gm 

Salt, 

Gm 

Fluid, 

C c 

Calories 

Boiled ontmeal 

100 gm 

2 

80 

11 50 

050 



63 

Sugar 

10 gm 



10 00 




41 

Milk 

270 c c 

9 

28 

13 50 

11 00 


270 

196 

Bread 

60 gm 

5 

52 

3186 

0 80 



160 

Butter 

20 gm 

0 

20 

16 75 




158 

Salt 

2 3 gm 





23 



Coffee 

160 c c 






160 


Water 

200 c c 






200 


Meat soup 

180 cc 






180 


Beefsteak 

100 gm 

27 

60 


7 70 



185 

Potato 

130 gm 

3 

77 

32 07 

0 20 



149 

Vegetable 

100 gm 

0 

70 

•>00 

1 00 



21 

Bread 

60 gm 

5 

52 

3186 

0 80 



160 

Butter 

20 gm 

0 

20 


IG 75 



158 

Sugar 

10 gm 



10 00 




41 

Milk 

20 c c 

0 

64 

1 00 

0 80 



14 

Pudding 

100 gm 

0 

40 

25 80 

5 04 



179 

Water 

250 c c 






250 


Tea 

180 c c 






ISO 


Salt 

2 3 gm 





23 



Eggs 

2 each 

13 

20 


12 00 



166 

Bread 

00 gm 

5 

52 

31 80 

0 80 



100 

Butter 

20 gm 

0 

20 


10 75 



158 

Tea 

180 c c 






180 


Sugar 

10 gm 



10 00 




41 

Milk 

20 c c 

0 

64 

100 

0 80 



14 

Fruit 









Water 

300 c c 






300 


Salt 

2 3 gm 





23 



Total 


1 82 2 
(13 gm N) 

212 5 

91 7 


1,720 

2 064 


It became early apparent, in studying small departures from the 
normal, that it was desirable to establish our own standards of 
normality under the local conditions presenting, and we, therefore, 
conducted observations under identical circumstances on a series of 


9’ Appreciation should be expressed for the skilful cooperation of Miss 
Martha Ziegler 

10 Mosenthal Arch Int Med 12 770 (Dec ) 1918 
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nine presumably normal men mostly from the medical coips attached 
to the hospital These indniduals uere intelligent and trained sub- 
jects accustomed to careful cooperation 


TABLE 6 — Mlan Watfr and Salt Excretion b\ Piriods* 


Period 

Water, C c 

Salt, Gm 

^o^nal 

1 Artlintic 

Norm il 

Artlintic 

8-10 

118 


■■IIIQqhHI 

1 02 

10-12 

143 



1 43 

12“ 2 

IGl 



1 30 

2- 4 

103 



1 37 

4- 6 i 

119 

111 i 

141 

120 

0- 8 

179 

132 

1 30 

0 92 

S-10 

' 391 

; 441 

4 33 

3 83 

Totnl 

1,279 

1,201 

1312 

11 3(> 


* The normnl figures are based on the mean flguics ior nine c iscs The nrtliritic figures 
are based on the mean figures lor thirty eases 


Examination of the results of this test reveals that individual cases 
of arthritis occasionally show low outputs of water for the twenty-four- 
hour period, and sometimes retention of salt and nitrogen The mean 
water output of twenty-nine arthritics shows a normal total volume of 
1,200 c c , the mean salt output show's an approximately normal amount 
of 1 1 36 gm , and the mean nitrogen output shows an approximately 
normal amount of 11 1 gm The rather wide range allowed to nor- 
mality makes it difficult to attach importance to small departures from 
it Comparison of these figures with analogous figures obtained from 
the normal cases studied under similar conditions, however, shows on 
the part of the arthritics a mean water output of about the same 
volume as the normals, a mean nitrogen output slightly smaller in 
amount, 11 1 gm , as against 12 2 gm , and a rather lower mean salt 
output of 11 36 gm , as against 13 12 gm for the normals The chart 
represents this graphically 

The percentage salt concentration for arthritics as compared with 
normals is less in four of the seven periods of the test It is greater 
m two and practically the same in one The amount by which it is less 
than in the normal cases is most marked m the night urine The 
specific gravity is generally high The maximum specific gravity is 
aUvays abo\e the minimum figures of from 1 018 to 1 020 accorded to 
normals under the conditions of the tests The work of Mosenthal 
indicates that the xanation in specific gravity for normals should be 
greater than 9 degrees The variation of the specific gravity is less 
than 9 degrees in nine of the twenty-nine tests, but Mosenthal empha- 
sizes that this IS of little or no significance if the specific gravity is 
above 1 010, as w'as the case in ca ery instance In three of these cases 
the variation w'as more than 9 degrees wdien the test was repeated 

U u” Army prepared bj Sergt Clever Bodanskj, 
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The variation was less than 9 degrees in Case 22, Case 53, Case 52, 
IV/2 (not corroborated in test of IV/3), Case 71, IV/2 (not corrob- 
orated in test of V/2), Case 57, IV/17 (not corroborated in test of 
IV/29), Case 48, Case 46, Case 55 and Case 62 One normal control 
gave a variation of less than 9 degrees, with a high specific gravity 
The volume of the night urine was less than 750 c c in all cases but 
one (Case 56), but m this instance the specific gravity and other ele- 
ments were all normal Severe cases of advanced type may repeatedly 



Chart 4 — Lowered sugar tolerance in arthritis of moderate severity This 
chart and Chart 5 tend to show that the lowered sugar tolerance is somewhat 
proportional to the severity of the arthritis Most of the curves are impor- 
tantly lower than m Chart 2 

give figures by whatever standards entirely within normal limits as 
respects all elements of the test (Compare Case 14, March 11 and 
April 28 , Case 7, Case 6, Case 52, Case 46 and Case 60 ) 

Observations were also conducted on the phenolsulphonephthalein 
elimination, but the results were all normal and coincided with the 
normal figures for this test previously recorded Hanzhk,^^ in study- 


11 Pemberton, R Am J Af Sc 147 423 (March) 1914 

12 Hanzhk J Pharmacol & Exper Therap 9 263 (Feb) 1917 





PEMBERTOX-FOSTER— ARTHRITIS 


253 


mg the salicylates, has found phenolsulphonephlhalem \alues ranging 
from 55 to 75 per cent , and has concluded that renal functional effi- 
ciency IS quite as good m the rheumatic as in the normal individual 
The above findings should be weighed in connection with the 
estimations of blood urea and noncoagulable nitrogen which were in a 
large senes, with two exceptions, entirely within normal limits, as 
noted under the section dealing with this topic 

Of the more than 400 cases of arthritis studied by us in which all 
types and degrees were represented, only six patients had a true 
nephritis The factors making for nephritis under conditions of war- 
fare need no emphasis here, and sufficed to account for these cases 
It is to be noted, that whereas the average fasting level for blood 
sugar for the whole group of arthritics is slightly higher than that for 
normals (0115 per cent as against 0109 per cent or lower), the 
fasting level of blood urea and nitrogen for arthritics is the same* as 
for normals It would perhaps be of some value to conduct urea 
feeding tests comparable to the glucose tolerance tests with examina- 
tion of the level of blood nitrogen and urea at frequent intervals after 
ingestion It is to be doubted whether the disturbance which affects 
the utilization or removal of the glucose of the blood stream described 
m the next section, is confined in its influence to carbohydrate alone 
There are reasons for believing it to be the expression of a widespread 
function in which the fats and, possibly in some degree, the nitrogenous 
elements may be involved 


TABLE 7 — ^Total Urinary Nitrogen 


Vrthritics 

Normals 

Lt Lincli 

13 6 

Langenberger 

102 

Pittslcy 

14 2 

Hcthcnngton 

14 7 

Tingue 

10 7 

Parsons 

14 8 

Cotter 

12 4 

McIntyre 

10 3 

Ednards 

11 7 

Barger 

12 8 

Chancy 

11 9 

Bollman 

12 9 

Bnngenberger 

10 5 

Craw ford 

71 

Bodnnsky 

11 5 

Kcarly 

12 3 

Keyes 

7 2 

Strieker 

12 3 

Hfekej 

04 

Jordan 

119 

Sw enarton 


Jansen 

11 4 

Herron 

12 4 



Lo«e 

14 0 

McKenzie 

7 9 



Mean (ol 18) 11 1 

Mean (of 7) 12 2 


To summarize Charts constructed to show the response of 
arthritics, as compared with normals under similar conditions, to the 
so-called nephritis test meal indicate a very slight lag in the elimination 
of water, nitrogen and particularly of salt This is hardly to be 
appreciated when viewed only in the light of the rather widely varying 
figures ascribed to normals at large It seems fair to conclude in con- 
junction with the normal values found for urea and nonprotein 
nitrogen of the fasting blood that there is no marked dislocation of 
renal function in chronic arthritis, though this function may be'slightly 
lowered in some cases 
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TABLE 8 — Data as to Volume, Specific Gravity, Sodium Chlorid 
AND Nitrogen in iNDmuAL Cases 


Name 

Hate 

Time 

Volume, 

Oc 

Specific 

(Sravity 

NaCl 
per Cent 

NaCl 

Gm 

Total N, 
Gm 

Oberg 

2/26 

8-10 a m 

82 


0 90 





10-12 a m 

140 


0 89 





12- 2pm 

56 

1 035 

106 

Hill 




2- 4 p m 

118 

1034 

1 20 

142 




4- C p m 

157 

1028 

0 86 

1 34 




6- 8 p m 

55 

1039 

0 98 

0 54 




Niglit* 

354 

1033 

1 06 

3 75 


Total 



962 



9 62 


Jaffj 

3/20 

8-10 a m 

121 

1 026 

0 86 





10-12 a m 

92 

1 035 

1 SO 





12- 2pm 

356 

1 020 

0 41 

1 44 




2- 4 p m 

156 

1 030 

0 86 

1 33 




4- 6 p m 

94 

1 035 

096 





6- 8 p m 

262 

1 021 

0 49 

1 28 




Night 

490 

1026 

0 67 

3 29 


Total 



1,571 



10 48 


Lowe 

3/5 

8-10 a m 

60 

1 031 

1 40 



(Omitted from 


10-12 a m 

92 

1 035 

1 71 

1 57 


average) 


12- 2pm 

63 

1 042 

147 





2- 4 p m 

108 

1 036 

1 23 

1 23 




4- 6 p m 

89 

1 038 

1 20 

1 08 




6- 8 p m 

51 

1 037 

1 16 





Light 

297 

1 033 

0 81 

2 41 


Total 



760 



8 74 


McGrann 

2/5 

8-10 a m 

174 

1 016 

0 28 

0 49 




10-12 a m 

180 

1 019 

0 52 

0 94 




12- 2 p m 

300 

1 019 

0 57 

1 71 




2- 4 p m 

142 

1 030 

106 

1 51 




4- 0 p m 

144 

1 030 

1 05 

151 




0- 8 p m 

163 

1 021 

0 42 

0 69 




Night 

321 

1030 

0 50 

164 


Total 



1,431 



8 49 


Hayes 

2/5 

8-10 a m 

360 

1017 

0 48 

1 72 




10-12 a m 

295 

1 018 

0 735 

217 




12- 2 p m 

340 

1 017 

0 40 

1 3b 




2- 4 p m 

95 

1030 

0 90 

0 86 




4- 6 p m 

102 

1 029 

0 98 

100 




G- 8 p m 

65 

1029 

1 20 

0 83 




Night 

285 

1 035 

0 92 

2 62 


Total 



1542 



10 56 


Barger 

2/5 

8-10 a m 

73 

1027 

1 07 





10-12 a m 

80 

1 035 

147 

118 




12- 2pm 

130 

1 028 

1 02 

133 




2- 4 p m 

91 

1 031 

1 00 

0 94' 




4- 6 p m 

62 

1039 

122 





6- 8 p m 

212 

1021 

0 54 

1 14 




Night 

325 

1032 

104 

338 


Total 



973 



9 51 


Lowe 

3/11 

8-10 a m 

102 

1028 

1 38 

136 




10-12 a m 

142 

1 027 

136 

193 




12- 2pm 

150 

1 024 

0 93 

139 




2- 4 p m 

150 

1025 

0 83 

1 24 




4- 0 p m 

110 

1027 

0 93 

102 




6- 8 p m 

62 

1 033 

0 77 

0 48 




Night 

530 

1 021 

0 53 

2 81 


Total 



1,246 



10 23 



From 8pm to 8 a m 
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TABLE 8— Data as to Volume, Specific Gua\it\, Sodium Chi grid 
AND Nitrogen in Individual Cases — (Couiwucd) 


Name 

Date 

Time 

Volume, 

Cc 

Specific 
Graa ity 

NnCl 
per Cent 

NaCl 

Gm 

'total N, 
Gm 

Lau 

3/25 

&-10 a m 

200 

1 025 

114 

2 28 




10-12 a m 

112 

1 030 

1 30 

IGS 




12- 2pm 

IIG 

1 030 

127 

1 47 




2- 4 P ni 

158 

1031 


1 so 




4- G p ra 

GO 

1025 


0 43 




G- S p m 

112 

1 030 


1 04 




Night 

100 

1 034 

118 

1 IS 


Total 



S55 



9 94 


BraLe 

3/25 

S-10 a m 

150 

1 035 

1 09 

2 54 




10-12 a m 

100 

1033 

1 SS 

18S 




12- 2 p ra 

115 

1032 


2 19 




2- 4 p hi 

120 

1037 

175 

210 




4- G p m 

so 

1 035 

1G9 

135 




6- 8 p m 

175 

1 019 


110 




Night 

515 

1 025 


4 48 


Total 



1,255 



15 G4 


Mrs Kam 

4/1 

8>10 i m 

75 

1 030 


0 75 




10-12 a ra 

75 

1035 

1 48 

111 




12- 2p m 

100 

1 033 

134 

134 




2- 4 p ra 

100 

1 033 

124 

1 24 




4- Gp m 

48 

1 029 

122 





C- 8 p m 

113 

1 032 

128 

145 




Night 

430 

1 028 

1 14 



Total 



941 





Lt Lynch 

4/2 

8-10 a m 

54 

1 029 

114 





10-12 a m 

lOO 

1029 

1 13 





12 - 2 p ni 

120 

1030 

1 20 

1 51 




2- 4 p m 

92 

1033 

135 

1 24 




4- 0 p m 

141 

1031 

1 34 

1 80 




G- 8 p m 

95 

1 030 

0 82 

0 78 




Night 

G70 

1035 

0 92 

015 


Total 



1,272 



1SG2 


Lt Lynch 

4/3 

8-10 a m 

93 

1 025 

138 

129 




10-12 a ra 

135 

102G 

1 50 

2 02 




12- 2pm 

130 

1 027 

1 40 

182 




2- 4 p m 

110 

1030 

1 42 

184 




4- G p m 

135 

' 1028 

1 18 

1 59 




G- S p m 

235 

1 020 

0 54 

1 27 




Night 

C95 

1 023 

104 

7 23 


Total 



1,533 



17 00 

13 0 

Crawford 

4/2 

8-10 a m 

Zl 

1031 

0 74 

0 20 




10-12 a m 

38 

1034 

090 

0 34 




12- 2 p ra 

G7 

1033 

0 84 

0 50 




2- 4 p m 

180 

1033 

08G 

1 GO 




4- G p ra 

101 

1 030 

1 36 

137 




G- 8 p m 

122 

1030 

14G 

178 




Night 

545 

1030 

1G4 

8 95 


Total 



1094 



14 80 


Jansen 

4/2 

8-10 a ra 

50 

1035 

134 

0 07 




10-12 a m 

125 

1035 

ICO 

2 00 




12- 2pm 

148 

1035 

1 52 

2 24 




2- 4 p m 

70 

1040 

1 5G 

1 09 




4- (> p ra 

70 

1040 

1 70 

119 




6- 8 p m 

GO 

1039 

1G4 

0 9S 




Night 

302 

1039 

130 

410 


Total 



825 



12 27 
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TABLE 8 — Data as to Volume, Specific Gravity, Sodium Chlorid 
AND Nitrogen in Individual Cases — {Continued) 


Name 

Date 

Tune 

Volume, 
C c 

Specific 

Gravity 

NaOl 
per Cent 

NaOl 

Gm 

Total N, 
Gm 

Hethenngton 

4/3 

8-10 a m 

50 

1 028 

1 50 

0 75 




10-12 a m 

175 

1029 

1 46 

256 




12- 2 p m 

260 


160 

384 




2- 4 p m 

125 

1 032 

1 50 

188 




4 -6 p m 

160 

1033 

1 54 

2 46 




6- 8 p m 

135 

1 032 

148 

200 




Night 

455 

1 033 

1 40 

6 35 


Total 



1,362 



19 84 

14 7 

Cotter 

4/7 

8-10 i m 


1031 

1 76 

1 87 




10-12 a m 

126 

1 032 

1 92 

2 42 




12- 2 p Di 

164 

1 031 

1 85 

3 20 




2- 4 P m 

94 

1 037 

1 85 

1 74 




4- 6 p m 


1 038 

1 92 

1 92 




6- 8 p m 


1 036 

170 

2 55 




Night 



1 54 

5 40 


Total 



1 090 



1910 

12 4 

Barger 

4/15 

8-10 a m 

96 

1 026 

1 55 

1 49 




10-12 a m 

98 

1 026 

1 67 

164 




12- 2 p tn 

150 

1 028 

1 28 

1 92 




2- 4 P m 

104 

1 032 

131 

1 37 




4- 6 p m 

62 

1037 

1 43 

0 89 




6- 8 p m 

97 

1026 


0 87 




Night 

315 



296 


Total 



922 



11 13 

12 8 

Langenberger 

4/17 

8-10 a m 

73 

1 026 


0 63 




10-12 a m 

75 

1027 

090 

068 




12- 2 p m 

116 

1 026 

112 

1 30 




2- 4 p m 


1025 

108 

216 




4- 6 p m 

155 

1024 

086 

133 




6- 8 p m 

242 

1 019 

0 44 

107 




Night 


1 024 

066 

284 


Total 



1,291 



10 01 

10 5 

Kearly 

4/19 

8-10 a m 

54 


124 

0 67 




10-12 a m 

98 

1 029 

1 40 

137 




12- 2 p m 

242 

1019 

056 

1 36 




2- 4 P m 

208 

1 024 

0 82 

171 




4- 6 p m 

106 

1029 

105 

112 




b- 8 p m 


1 012 

012 

0 22 




Night 


1 012 

0 46 

4 86 


Total 



1,944 



1128 

12 2 

Mies HicLey 

4/16 

8-10 a ni 

98 



0 98 




10-12 a m 

120 

1020 

110 

1 32 




12- 2pm 

216 

1014 

054 

110 




2- 4 p m 

172 

1023 

112 

1 93 




4- b p m 

132 

1021 

086 

114 




6- 8 p m 

74 

1 019 

0 49 

0 36 




Night 

490 

1023 

0 04 

314 


Total 



1,300 



9 93 

94 

Jansen 

4/28 

8-10 a m 

80 

1031 

1 42 

117 




10-12 a m 

115 

1 029 

1 52 

175 




12 - 2 p m 

145 

1 030 

166 

2 40 




2- 4 p m 

122 

1026 

1 30 

1 59 




4- 6 p m 


1024 

1 00 

152 




6- 8 p m 


1 020 

058 

104 




Night 


1032 

0 80 

212 


Total 



1,039 



11 59 

11 4 
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TABLE 8 — Data as to Volume, Specific Gramty, Sodium Chiorid 
AND Nitrogen in Individual Cases— (C oofniHri/) 


^alT^c 

1 Date 

1 

Tune 

Volume, 

Cc 

Specific 

Gnnlt\ 



j Total N. 
i Gin 

IiOWC 

' 4/28 

8-10 a m 

87 

1037 

1 68 

1 46 1 



10-12 a m 

13". 

1 030 

1 66 

2 24 ! 



la- 2 p m 

12'. 

1 034 

1 04 

2 07 ' 



2- 4 p iti 

12'. 

1 029 

132 

1 07 1 



4- 6 p m 

90 

1034 

1 10 

009 I 



0- 8 p m 

97 

1 020 

060 

0 57 1 



Night 

f.23 

1021 

058 

3 62 


Total 



1,283 



12 58 

14 0 

Langenbcrgcr 

4/29 

8-10 a m 

113 

1 027 

1 10 

127 




10-12 a ID 

117 

1 020 

090 

104 




12- 2 p ID 

180 

1 018 

0 80 

1 44 




2- 4 p m 

185 

1 014 

0 40 

0 74 




4- 6 p m 


1016 

0 60 

115 




0- 8 p ID 

180 

1 020 

088 

1 53 




Night 

213 

1 030 

1 20 

2 78 


Total 



1,165 



9 80 

10 2 

Tingue 

'5/1 

8-10 a m 

70 

1037 

1 70 

107 




10-12 a tn 

75 

1 035 

1 84 

1 38 




12- 2 p «i 

05 

1 032 

1 12 

0 73 




2- 4 p m 

100 ! 

1031 

114 

114 




i- 6 p m 1 

93 i 

1029 

0 94 

0 92 




0- 8p m 

75 

1 032 

0 68 

0 51 




Night 

550 

1021 

0 70 

3 85 


Total 



1033 



9 58 ! 

10 7 

McIntyre 

6/2 

8-10 a ID 

85 

1 038 

1 62 

1 38 




10-12 a m 

70 

t 1 039 

166 

116 1 




12- 2 p ID 

120 

1 1 033 

122 

1 47 




2- 4 p m 

60 

I 1 036 

1 26 

0 76 




4- G p in 

115 

1036 

102 

1 17 




0- 8 p m 

145 

1019 

0 32 

0 47 




Night 

260 

1040 

0 98 

2 53 


Total 



855 


1 

i 

896 

10 3 

Chaney 

5/2 

8-10 a ID 

83 

1030 

0 78 

1 

1 OGG 




10-12 a ID 

V5 

1034 

1 18 

1 0 89 




12- 2 p ni 


1017 

0 74 

126 




2- 4 p ID 

175 

1023 

0 78 

137 




4- 6 p ID 

185 1 

1 025 

1 02 

188 




6- 8 p ID 

175 

1 014 

0 24 

0 42 




Night 


1032 

0 78 

290 


Total 



1,243 



9 44 

119 

Cran ford 

5/2 

8-10 a m 

177 

1014 

0 26 

0 46 




10-12 a in 

170 

1 019 

056 

0 97 




12- 2 p m 

155 

1016 

0 42 

0 65 




2- 4 p m 

50 

1 030 

0 78 

0 39 




4- 6 p m 

145 

1 024 

0 72 

1 05 




6- 8 p m 

ISO 

1 016 

0 30 

0 54 




Night 

640 

1018 

054 

3 46 


Total 



1,315 



730 

71 

Lt Keyes 

6/2 

8-10 a in 


1030 

080 

0 36 




10-12 a ID 

100 

1028 

1 99 

1 22 




12- 2 p in 

IH 

1028 

120 

114 




2- 4 p in 

120 

1029 

086 

103 




4- 6 p m 

130 

1027 

106 

138 




G- 8p in 

60 

1039 

0 80 

0 48 




Night 

230 

1034 

100 

2 30 


Total 



780 

• 


7 91 

72 
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TABLE 8 — Data as to Volume, Specific Gravity, Sodium Chlorid 
AND Nitrogen in Individual Cases — {Continued') 


Name 

Date 

Time 

Volume, 

Cc 



NaCl 

Gm 

Total N, 
Gm 

Lt Jordan 

5/2 

8-10 a m 

105 

1 020 

0 28 

029 




10-12 a m 

135 

1 025 

1 02 

138 




12- 2 p m 

480 

1 013 

0 28 

134 




2- 4 p m 

115 

1030 

0 98 

113 


f 


4- 6 p m 

100 

1 032 

1 06 

100 




6- 8 p m 

135 

1021 

0 48 

0 65 




Night 

200 

1035 

0 70 

182 


Total 



1830 



7 67 

116 

Herron 

5/2 

8-10 a m 

05 

1033 

1 56 

148 




10-12 a m 

100 

1 032 

168 

168 




12 - 2 p m 

335 

1 019 

0 70 

2 34 




2- 4 p m 

110 

1027 

112 

123 




4- 6 p m 

05 

1 034 

1 06 

0 69 




6- 8 p m 

80 

1 035 

0 94 

0 75 




Night 

<25 

1019 

0 76 

5 50 


Total 


1 

1,510 



13 67 

12 4 

McKenzie 

5/4 

S-10 a m 

32 

1 025 

0 74 

0 24 




10-12 a m 

120 

1 026 

0 92 

1 10 




12- 2 p m 

65 

1 020 1 

0 52 

0 34 




2- 4 p m 

115 

1 030 

0 94 

108 




4- 6 p m 

60 

1 030 

0 64 

0 39 




6- 8 p m 

58 

1 030 

0 46 

0 27 




Night 

410 

1 025 

1 02 

418 


Total 



660 



7 60 

81 


NORMALS 


Ljnch 

3/28 

8-10 a m 

122 

1 028 

160 

194 


1 10-12 a m 

174 

1 028 

1 65 

2 87 


1 12- 2pm 

186 

1 021 

092 

171 


' 2- 4 p m 

360 

1017 

0 62 

2 23 



4- 6 p m 

182 

1 024 

104 

189 



6- 8 p ni 

2u2 

1 021 

0 86 

174 



Night 

315 

1 031 

0 76 

2 85 

Total 



1,001 



15 23 

Jones 

3/24 

8-10 a m 

48 

1 037 

1 22 

0 60 



10-12 a m 

87 

1035 

1 66 

1 47 



12- 2pm 

170 

1031 

1 20 

2 01 



2- 4 p m 

ISO 

1 030 

096 

170 



4- 6 p m 

116 

1036 

1 36 

1 65 



6- 8 p m 

276 

1 018 

0 46 

127 



Night 

440 

1 032 

1 20 

319 

Total 

- 


1,317 



13 14 

Bollman 


8-10 a m 

62 

1 035 

090 

056 



10-12 a m 

102 

1 037 

1 47 

150 



12- 2pm 

174 

1030 

1 63 

2 83 



2- 4 p m 

116 

1036 

155 

1 80 



4- 0 p m 

72 

1 041 

143 

1 03 



6- 8p m 

91 

1 040 

1 47 

134 



Night 

295 

1 040 


313 

Total 



912 



12 19 
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TABLE 8 —Data as to Volume, Specific Grwity, Sodium Ciilouid 
\ND Nitrogex IX Individual Cases — (Coutiitucd) 

Normals — Conlinucd 


Name 

Date 

Time 

■Volume, 

Cc 

Specific 
Grai ity 

NaCI 
per Cent 

NnCl 

Gm 

Total N, 
Gm 

Bo'lineLi 


&-10 a jn 

100 

1 031 

176 

1 87 




10-12 a m 

120 

1032 

192 





12- 2 p m 

164 

1031 

1 85 

3 20 




2- 4 p in 

94 

1037 

185 

1 74 




4- Op m 

100 

1 038 

192 

192 




0- 8 p m 

IW 

1 036 

1 70 

2 o5 




Meiit 

330 

I 039 

154 

5 40 


lotnl 



1,090 



1910 

12 35 

StricLer 

4/lf. 

S-10 a m 

183 

1017 

0 40 

0 74 




10-12 a m 

9 . 9 ^> 

1021 

0 62 

1 40 




12- 2 p m 

330 i 

1 013 

0 28 

092 




2- 4 p m 

275 

1 020 

0 70 

1 93 




4- fi i) in 

165 

1 024 

0 94 

1 55 




0- 8 p m 

310 

, 1017 

0 40 

1 24 




AirIP 

360 

; 1032 

118 

4 48 


Total 

i 





[ 12 26 

12 4 

Parsons i 


8-10 a m 

95 

1 022 

0 34 

0 32 




10-12 a m 


1029 

1 04 

1 25 




12- 2 p m 

83 

1031 

0 98 

0 82 




2- 4 p m 


1030 

1 32 

174 




4- 6 p m 


1028 

088 

114 




0- S p m 

130 

1022 

0 50 

0 75 




Kight 

325 

1032 

113 

304 


Total 



1,033 



966 

118 

Pittslcy 


8-10 a m 

290 

1020 

0 62 

180 




10-12 a m 

175 

1025 

112 

198 




12- 2 p m 

75 

1033 

0 98 

0 74 




2- 4 p m 

105 

1034 

114 

120 




4- 6p m 

140 

1031 

ISO 

182 




6- 8p in 

170 

1025 

0 90 

1 53 




Night 

385 

1030 

0 92 

3 54 


Total 



1,340 



12 59 

14 2 

Fdwards 

4/18 

8-10 a m 

48 

1032 

1 34 

074 




10-12 a m 

108 

1033 

170 

184 




12- 2 p m 

168 

1031 

1 60 

2 72 




2- 4 p m 

104 

1032 

142 

1 48 




4- G p in 

92 

1040 

1 56 

1 44 




C- 6 p m 

128 

1036 

1 37 

1 173 




Night 

575 

1 

1026 

114 

i 0 50 


Total 



1,230 



16 47 

117 

Swcnarton 

5/10 

8-10 a m 

150 

1027 

0 98 

1 47 




10-12 a m ! 

195 

1030 

100 

195 




12- 2 p in ' 

230 

1021 i 

054 

1 35 



1 

2- 4 p m 

130 

1030 i 

0 70 

0 91 i 



i 

4- C p m 

100 

1032 

100 

100 




6- 8 p m 

240 

1020 

0 26 

0 62 




Night 

510 ! 

1020 

0C4 

3 20 


Total 



1,575 



10 62 

13 5 


TABLE 9 — Percent VGE Salt Concfntration of Arthritics as 

CoMP\RED WITH NoRM \LS 


Period 

Normal 

Arthritic 

8-10 a m 

0 85 

1 01 

10-12 a ni 

123 

124 

12- 2 p m 

102 

0 89 

2- 4 p m 

0 96 

1 10 

4- 6 p m 

118 

108 

0- 8p in 

0 76 

0 70 

Night 

111 

0 87 
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THE BLOOD SUGAR’^® 

It has been shown by one of us^* that there is in a considerable 
percentage of cases of chronic arthritis a definite relation between the 
intake of food on the one hand, and the incidence or perpetuation of 
symptoms of the disease on the other This relation is best illustrated 
by the fact that the institution of a reduced diet in appropriate cases 
may be followed by marked benefit Of the three foodstuffs, the e\ i- 



dence at hand, although not yet complete, has indicated that carbo- 
hydrate IS most concerned in this connection It became pertinent, 

13 In addition to a report as a whole of the present studies on arthritis in 
the army, made before the Section on Medicine of the American Medical Asso- 
ciation, Atlantic City, N J , June 12, 1919, the findings regarding the blood 
sugar were reported in fuller detail than was possible before the American 
Society for Clinical Investigation, Atlantic City, N J , June 14, 1919 

14 Pemberton, R The Metabolism and Treatment of Rheumatoid Arthritis, 
Am J M Sc 153 678 (May) 1917 
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therefore, to determine, if possible, in the present large “series whether 
there is a difficulty in the metabolism of carbohydrate and to this end 
studies were carried out in sixty cases of arthritis on the fasting leA el 
of the blood sugar and on the response of these cases to the so-called 
glucose tolerance test 

Jacobsen^^ published studies on the effects of foodstuffs on the 
blood sugar, using the microchemical method of Bang Adopting the 
principle of this method, but directing it toward the stud} of the car- 
bohydrate tolerance in a Aariety of conditions, and using the Leuis- 
Benedict method for blood sugar as being better adapted to clinical 
use, Hamraan and Hirschman^® opened up an important field of m\ es- 
tigation Janne} and Isaacson^' and others ha^e also contributed to 
this subject, until there has grown up a considerable and increasing 
literature deAOted to it The earlier method of determining sugar 
tolerance by estimations of the urmar} sugar only has now been sub- 
stituted by a combination of the two methods One hundred and nine 
glucose tolerance tests w^ere conducted by us in the present senes 
apart from a considerable number of isolated obser\ations on the 
fasting blood sugar 

TECHNIC 

The Benedict modification of the Lew is-Benedict method for 
blood sugar was used exclusnely It has, on the wdiole, proved \ery 
satisfactory and w'ell adapted to use m a long series of cases It may 
be applied either to wdiole blood or plasma, but in the analysis of whole 
blood, certain precautions must be obser\ed to insure remo\al of 
interfering substances or results w'lll be obtained which are too high 
In the picric acid-sodium picrate solution used for precipitation of 
the blood protein, the free picric acid alone remo\es the protein and 
other mterfenng substances The amount of free picric acid is suffi- 
cient to clarify the plasma perfectly, but often it is not enough for 
whole blood wffiich contains more protein The concentration of free 
acid in the picric-picrate solution, therefore, must be increased in 
working wnth whole blood This point was noted b} Benedict in a 
recent paper In the present studies this trouble w as encountered 
and remedied independently of the abo\e publication in substantially 
the same way that Benedict employed, namely, by the addition of two 

15 Jacobsen Biochem Ztsclir 56 47 1913 

16 Hamman and Hirschman Arch Int Med 20 761 (No\ ) 1917 

17 Jannej and Isaacson Arch Int Med 20.160 (Aug) 1918 

18 Benedict, SR J Biol Chem 34 203, 1918 

19 Lewis and Benedict J Biol Qiem 20 61, 1915 

20 Benedict J Biol Chem 37.503, 1919 
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drops of 1 2 hydrochloric acid before diluting to 25 c c with the 
picnc-picrate solution 

The glucose tolerance test was conducted according to the method 
of Hamman and Hirschman 

On the day of the test the patient eats no breakfast 
At 8 30 a m samples are obtained of the blood and urine, and the 
patient is given 100 gm of glucose in 200 c c of water 
At 9 00 a m samples are obtained of blood and urine 
At 9 30 a m samples are obtained of blood and urine, and the 
patient is given 200 c c of water 



Chart 6 — The sugar tolerance in comalescent arthntics In 74 per cent 
of these cases it was normal 


At 10 30 a m samples are taken of blood and urine and the patient 
is given 200 c c of water 

At 11 30 a m samples are taken of blood and urine 
The importance of taking the blood on the half hour after the 
administration of glucose should be emphasized In the normal man 


20* The question of the role plajed hi creatinin in this reaction as pointed 
out bj DeWesselow (Biochem J 13 148, 1919) and others hardly enters here 
as the contrasts under consideration are frequently very great, they follow 
immediatelj" on ingestion of glucose and are controlled by fasting levels pre- 
\nousl 3 determined 
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this period yields the high point in the curve, the reaction is frequently 
complete at the end of one hour, and in many cases of slightly lowered 
tolerance the half houi point affords the only characteristic data 
Many of the curves show a drop below the normal level at the end of 
the test, several cases yielding blood and plasma sugar as low as 0 065 
per cent at the end of the third hour 

In the present series the renal threshold for glycosuria fell between 
0 17 per cent and 0 18 per cent , which agiees with the values found 
by others for the normal kidney, and is something of an argument for 



Chart 7 — ^The striking contrast after fourteen dajs in the sugar toler- 
ance of a severe arthritic who made an abrupt convalescence following 
tonsillectomy on March 14, 1919 


the normality of renal function m arthritis, as the threshold may be 
much higher in true nephritis 

On beginning our work it was soon appreciated that it was neces- 
sary to establish our oun standards of fasting blood sugar and of 
glucose tolerance among normal indniduals in view of the possibility 
that local conditions might influence our results, and, therefore, we 
conducted a senes of tests on nine presumably normal persons The 
results were found to fall well within the limits indicated by other 
workers in this field, but as our technic became perfected, we found 
that the a^erage values were loner than those uhich ue first obtained 
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Chart 2 shows the curves obtained m eight normal individuals 
The values range from an average fasting level for eleven normals of 
0 109 per cent to an average high point for five normals of 0 140 per 
cent at the end of the half hour The fasting level of sugar for the 
whole blood in our series falls near the upper limit of the range 
accorded to normality by Janney and Isaacson (0 085 per cent to 
Oil per cent ), and is slightly above the level for normals (0 10 per 
cent ) , established by Bang 

It is pertinent to note here that single observations on the fasting 
level of blood sugar are open to some disturbance, possibly subjective 
influence, on the part of the person examined, and we were led to 
discard as erroneous not a few figures m cases which further study 
proved to be normal By and large, the glucose tolerance test appears 
to give results more constantly indicative of conditions disturbing the 
blood sugar than do single observations Abnormal responses occa- 
sionally follow apparently noimal fasting figures and vice versa 

Glucose tolerance tests were then conducted on a series of chronic 
arthntics, beginning with the worst types, and at once it became 
apparent that there w^as in most of them a marked difference m their 
response to this test This led us to extend our observations to a large 
number of cases representative of all types 

Chart 3 shows the response obtained in cases of severe arthritis, 
and if compared with Chart 2 the marked departure from normal is 
at once apparent The values range from a fasting level of 0 113 per 
cent for eighteen cases to an average high point for the same number 
of 0 189 per cent , with many far in excess of this , three being around 
0 250 per cent at the end of the half hour and hour In the vexed 
field of chronic arthritis it is sometimes difficult or impossible to dif- 
ferentiate sharply between severe and moderate arthritis because of 
the fact, on the one hand, that disability may be disproportionate to 
the extent or severity of the disease when important joints are involved, 
and, on the other hand, that severe processes affecting joints less 
important functionally may be tolerated easily for long periods 
Furthermore, accurate classification of the types of arthritis is some- 
times impossible or can be made after the lapse of time only Thus 
the lowest curve on Chart 3, is probably improperly placed there and is 
that of a case of apparently noninflammatory bone atrophy with edema 
of the soft tissues This apparent exception was maintained in 
repeated tests, and was reconciled wnth difficulty until the clinical diag- 
nosis became apparent at a late date 

An attempt \vas also made to segregate arthntics into groups of 
se\ere and moderate, but for the reasons just indicated this classifica- 


21 Bang Der Blutzucker, Wiesbaden, 1913 



PEMBLRl 0\ -FOSTER— 4RTHRIT1S 


265 


tion can be only approviinate Charts 4 and 5 illustrate this attempt 
and show marked departures from normal in most instances In gen- 
eral, It can be said that the height of the sugar curie, that is to sai, 
the degree to which the sugar tolerance is lowered, is largely propor- 
tional to the seienty of the active process per se Seventy of the 
process appai ently plays as big a role as does the extent of the process 
111 affecting the tolerance Some of the curves on Cliarts 4 and 5 fall 
within or only slightly above normal values In general, these excep- 



Chart 8 — The contrast m sugar tolerance of a spondylitis patient \\lio 
recoiered after the extraction of six teeth 


tions occur m patients who have passed the zenith of their trouble 
and who show a tendency to contalesce, or they occur in cases m 
which the distribution and se\enty are limited No fixed rule exists, 
howeter, and the parallelism is not exact, although it is surprisingly 
close In some apparently se\ere cases there is a normal or only 
slightly disturbed sugar tolerance It should be borne m mind that 
the glucose tolerance test is merely a gross nay of ascertaining dcMa- 
tion of a function winch is probably complex and dependent on factors 
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not understood, and that it is not necessarily adjusted to reflect a 
lowered tolerance in all cases Furthermore, as just noted, there is 
no absolute standard of severity of the arthritic process 

A group of twenty convalescent arthritics was then studied These 
patients were representative of a severe and generally long continued 
arthritis, and at the time were free from symptoms It was found that 
this group gave curves the average of which was importantly lower 
than the severe or moderate cases, falling with some exceptions (five 
out of nineteen cases) pretty well within long limits That is, 74 per 
cent of the group of convalescents gave a normal tolerance It is 
clear, therefoie, that the average curves for the moderate and mild 
cases can be made to vary somewhat according as the cases are 
classified, but by any standards the sugar tolerance tends to return 
to normal as convalescence proceeds The details of certain cases in 
these several series will be considered later, after discussion of the 
field as a uhole In general, our high curves were marked more by 
the height to which they rose and the abruptness of the rise than by 
their duration at a high level, although there were some noteworthy 
exceptions By and large, the higher the curve, the slower the return 
to nonnal, but it is obvious that by increasing the abscissae the curves 
could be made to appear flatter and indicative of a more delayed return 

On attempting to relate this disturbance to some of the other fac- 
tors known to influence chronic arthritis, we conducted a series of 
determinations on the tolerance during the ill health and convalescence 
of the same individual following various piocedures It was found 
that there was an abrupt change in the sugar tolerance in cases which 
lmpro^ed after removal of apparently causative foci of infection 
Thus Chart 7 illustrates m a striking manner the contrast after twenty- 
nine days in the sugar tolerance of a soldier (Case 45) the subject of 
an intense arthritis of long standing m the left hip and foot, who made 
an abrupt and marked convalescence following tonsillectomy The 
curve showing a normal tolerance was obtained fourteen days after 
the tonsillectomy 

Chart 8 illustrates the same thing in a man (Case 46) 40 years of 
age, with arthritis and tenderness of the entire spine and changes shown 
by the roentgen ray, who underwent marked clinical improvement after 
the removal of six abscessed teeth The higher curve was obtained 
March 6, and the lower cun^e April 15 

Chart 9 shows curves representing the averages, respectively, of 
two tests taken during ill health, and of two during distinct convales- 
cence in a line officer (Case 1), the subject of a widespread myositis 
and arthritis which had entirely incapacitated him He had had a pos- 
sible focus in a tooth remo\ed about two months before the first curve 
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was obtained, and was in a slationarj' condition Clinicalh he made a 
full lecovery on dietary lines alone, as described under the section deal- 
ing with dietetic measures The two averaged curves lepiesent an 
inteival betw'een them of approximately two months 

In the group of con\alescents illustrated m Chart 6, it is to be 
noted that these soldiers convalesced m large part in the presence of 
demonstrable surgical foci of infection, wdnch suggests, in the light of 
the proportion of cases of arthritis at large wdnch show' low'cied sugar 
tolerance, that the disturbed tolerance may return to normal as the 
patient impioves, even wnthout the removal of the focal infection At 
least five peisons giving normal tolerance curves w'ere the subjects of 
demonstrable surgical foci As noted above, about 26 per cent of 
convalescent arthntics (five in number) still gave a lowered sugar 
tolerance Three of these five still had demonstiable suigical foci 

Chart 10 (Case 50) illustrates a case of chronic but mild arthritis 
of one knee, in an officer with a slightly lowered tolerance, wdio made 
a slow but definite improvement following repeated injections of non- 
specific protein He was apparently free from focal infection This 
chart suggests, but lacking further evidences does not piove, that the 
low'ered tolerance was restored to normal by these nieasuies The 
curves are a month apart 

Chart 11 (Case 61) represents the curves obtained duiing an acute 
febiile attack of arthritis m several joints The highest curve w'as 
taken before treatment w'as instituted The low'cr was obtained after 
the relief of symptoms by full dosage of acetylsahcyhc acid The 
second curve is low'er than the first, but it is probable that the differ- 
ence betw'een them represents nothing more than the limitations of 
the method It is clear that no important correction of the disturbed 
tolerance took place, though such change as did occur, w'as in keeping 
w'lth other evidences of the tendency tow'ard the return to normal with 
improvement of the arthritis Further observations are desirable on 
this point The low'est cuive show's the tolerance at nearly a normal 
le\el a w'eek after tonsillectomy, w'hen the patient had made a com- 
plete recovery from the arthntis The dates of the curves from above 
dowmw'ard are respectively, April 21 and 24, and May 13 

Another experiment was conducted on the effect of acetylsahcyhc 
acid on blood sugar, supplementing the obsenation made m Case 61 
recoided on Chart 11 Ta\o subjects of ad\anced arthntis, one 
improving and one statioiiar}, were gl^en 15 grains of acetylsahcyhc 
acid under fasting conditions, after which the blood sugar was deter- 
mined at frequent intervals, but as indicated m Table 10 there was 
no change in the sugar le\ el This is in essential agreement w ith the 
othei expenment just quoted 




Chart 9 — The contrast in sugar tolerance before and after convalescence on 
a restricted diet 



Chart 10 — ihc contrast before and after treatment by nonspecific protein 
injections 
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TABLE 10 — E’^fect of AcEriLs\uc\uc on Bloop Set, {T^rs 22 19i^) 

I Cs'CT I lonr C-'c. 34 



j Bloo.l 
j (VT Ctnt 

1>^- Ctct 
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P(>>7 

1 0 no 
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J C« 

1 0l(^ 

0 105 j 

1 0 IP' 
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(13 F'T n' I'-i t vN„l c vl c ic <I to e-’cli) 

O VI 
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0110 j 

[ 0130 

Oil" 

10 

I 01' 5 

0 ll'-' 1 

PlfC 
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that obtained when this soldier was at the height of his trouble, which 
consisted in almost complete ankylosis of both hips, knees and spine, 
together Avith great limitation of function in the left shoulder The 
roentgen-ray evidence was widespread and great The third and fourth 
highest curves were obtained when the soldier had made an emphatic 


TABLE 11 — Arthritics Ciassififd for Purposf or Charting as Foiloi\s 


Set ere 

Moderate 

Mild 

Case G — Hayes 

Case 11 — Hinman 

Case 17 — Faulkner 

4 — McGrann 

50 — Gibson 

43 — ^Wilbert 

45 — ^Barger 

3 — ^Blower 

44— Brake 

4G — Hetherington 

12— Boyd 

9— Beeman 

48 — Jansen 

23 — O Brien 

51— Lau 

13 — Lummis 

21 — ^Whittington 

55 — Cotter 

15 — Studebaker 

52— Lt Lyndi 

79— Cov 

16— Bryce 

53 — Mrs Kain 

3G— Clement (1) 

10 — Massood 

8 — Martin 

2— Haberle 

1 — Bobbins (1 and 2) 
20— Wasson 

14 — Lowe 

7 — Jaffy 

61— Miller 

62 — McKenzie 

22 — Oberg 

54 — Miss Anthony 

56 — ^Kearly 

57 — Langenberger 

59 — ^Flanders 

47— Chanej 

GO — Herron 


TABLE 12 — Mean Fasting Levels for the Several Groups 


Group 

No of 
Cases 

Blood 

I No of 
Cases 

Plasma 

Normals 

11 

109 

1 

097 

Convalescent arthritics 

16 

115 

21 

114 

Severe arthritics 

15 

IIG 

13 

115 

Moderate arthritics 

13 

112 

11 

no 

Mild arthritics 

G 

115 

8 

121 

Other pathologic types 

• 



3 

118 


TABLE 13 — Sugar Tolerance for Normals 


Name 


Fasting 

Half Hour 

One Hour 

Two Hour 

Three Hour 

Blood 

Plasma 

Blood 

Plasma 

Blood 

c* 

B 

m 

a 

Blood 

Plasma 

s 

CO 

c* 

5 

Blood 

Bbdansky 

12/27 

108 




122 


092 


101 


Foster „ 

12/27 

no 




115 


124 


097 


Edwards 

12/27 

104 


138 


109 


107 


099 


Jones 

1/ 3 

101 


147 


147 


115 


09S 


Smith 

1/ 3 

111 


158 


104 


094 


083 


Hudson 

3/14 

103 










Edder 

3/14 

100 










Meador 

12/28 

112 




127 


115 


115 


Carter 

1/29 

128 


138 

136 

114 

109 

095 

088 

098 

OSS 

Cutshall 

12/28 

122 




125 


114 


083 


Monahan 


097 

097 

120 

122 

094 

088 





Mean of 9 


109 


140 


117 


107 


097 



* In order to save space, tUe tables showing the presence or absence of glycosuria for each 
of the periods in the following tests are omitted The threshold t alue fell between 0 170 
and OlSO 
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that obtained when this soldier was at the height of his trouble, which 
consisted in almost complete ankylosis of both hips, knees and spine, 
together with great limitation of function in the left shoulder The 
roentgen-ray evidence was widespread and great The third and fourth 
highest curves were obtained when the soldier had made an emphatic 


TABLE 11 — Arthritics Ciassififd for Purposf or Charting as Foilows 


Set ere 

Moderate 

Mild 

Case 6 — Hayes 

Case 11 — ^Hinm in 

Case 17 — Faulkner 

4— McGrann 

50 — Gibson 

43— Wilbert 

45— Barger 

3 — ^Blower 

44— Brake 

46 — Hetherington 

12— Boyd 

0— Beeraan 

48— Jansen 

23— O’Brien 

51— Lau 

13 — Lummis 

21— Whittington 

55— Cotter 

15 — StudebaLer 

52 — Lt Lyncli 

79— Cov 

16 — ^Bryce 

10— Massood 

8 — Martin 

2 — Haberle 

1— Bobbins (1 and 2) 
20 — Wasson 

14— Lowe 

7 — Jaffy 

61 — Miller 

62 — McKenzie 

22— Oberg 

53— Mrs Kain 

54 — Miss Anthonj 

56 — ^Kearls 

57 — Langenberger 

59 — ^Flanders 

47— Chanej 

60 — Herron 

36— Clement (1) 


TABLE 12 — Mean Fasting Levels for the Several Groups 


Group 

No of 
Cases 

Blood 

No Of 
Cases 

Plasma 

Normals 

mBm 

109 

1 

097 

Convalescent arthritics 


115 

21 

114 

Severe arthritics 


116 

13 

115 

Moderate arthritics 

13 

112 

11 

no 

Mild arthritics 

6 

115 

8 

121 

Other pathologic types 

« 



3 

118 


TABLE 13 — Sugar Tolerance for Normals 


^ame 



Half Hour 

One Hour 

Two Hour 

Three Hour 


Plasma 

Blood 

Plasma 

Blood 

c* 

s 

s 

s 

Blood 

Plasma 

Plasma 

Blood 

Bddansky 

12/27 

108 






092 


101 


Foster „ 

12/27 

no 






124 


097 


Fdwards 

12/27 

104 


138 


109 


107 


099 


Jones 

1/ 3 

101 


147 


147 


115 


09S 


Smith 

1/ 3 

111 


158 


104 


094 

1 

083 


Hudson 

3/14 

103 










Edder 

3/14 

100 










Meador 

12/28 

112 




127 


115 


115 


Carter 

1/29 

128 


138 

136 

114 

109 

095 

OSS 

098 

088 

Cutshall 

12/28 

122 




125 


114 


083 


Monahan 


097 

097 

120 

122 

094 

OSS 





Mean of 9 


109 


140 


117 


107 


097 



* In order to save space, the tables showing the presence or absence of glycosuria for each 
of the periods in the following tests arc omitted The threshold nine fell between 0170 
and OISO 
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therapeutic advance following diet The lowest curve represents the 
return of the sugar tolerance to practically normal limits, following 
the removal of a necrotic pair of tonsils, after he was well on in con- 
valescence and able to walk with crutches 



Chart 12 — The lower four curves show the tendency of a lowered tolerance 
to return to normal following improvement under diet and, later, tonsillectomy 
(see te\t for details) 
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Therefore it seems clear that as cases of aithntis improve, irre- 
spective of the tlierapeutic measure to which this is due, the lowered 
sugar toleiaiice tends strongly to a return to normal It seems to do 
so most rapidly, however, after surgical removal of the causatue 
infection 



Chart 13 — The persistence of lowered sugar tolerance in chronic cases from 
which all demonstrable foci of infection had been removed 


Our experience suggests that the sugar tolerance test may some- 
times be helpful to indicate whether all foci have been removed For 
example, a case of active arthritis of moderate chronicity may fail to 
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improve after the removal of dental foci If the tonsils in such a case 
are apparently normal, as often happens, the maintenance of a defi- 
nitely lowered sugar tolerance would suggest that foci are still opera- 
tive and presumably in these tissues Other applications are obvious 
and may later be justifiable, but at present there are too many variables 
to warrant much emphasis, except within nairow limits It must be 
borne in mind that long standing cases from which all demonstrable 
foci have been removed may retain their lowered tolerance 

Chart 13 represents high curves obtained in a series of cases from 
which all demonstrable surgical foci had been removed It is, of 
course, impossible to say that any person is free from a focus of 
infection, and it may be that the high curves of this chart indicate 
greatly lowered sugar tolerance referable to hidden foci The pre- 
sumptive evidence, however, is to the opposite effect, especially as it is 
well recognized that in long standing cases the removal of foci may be 
followed by less gratifying results, or failure, and it is, perhaps, easier 
to believe that the persons m question have suffered a dislocation of 
physiologic function which persists after the removal, or is independent, 
of focal infection Thus the high single peak occurred m a soldier 
(Lowe, Case 14) who had been ill more than two years, who had had 
his tonsils removed months before, who had no pathology m his 
mouth or genito-urmary tract, and who had had attention to his sinuses 
as well This case was very refractory to all kinds of treatment, of 
Avhich he had had thirteen different varieties, including nonspecific 
protein injection, a brief period of diets and hydrotherapy 

Curve 3 (Br, Case 16) is that of a civilian, 45 years of age, 
studied by permission of the commanding officer He had been under 
observation for about four years, for the first year or two of which 
he had been examined and treated from every angle for the removal of 
focal infections Failing relief by all these methods, he made a grati- 
fying improvement, which amounted to recovery, along dietary lines 
Curve 4 (Hayes, Case 6) is that of another regular army man who 
had been ill about two years He had been treated at Hot Springs 
and had had his tonsils removed four or five months previous to this 
observation, having at the time no other detectable surgical infection 
This patient made a 50 pei cent advance under dietary procedures, 
and finally made a complete symptomatic recovery by the continuation 
of these measures, supplemented by potassium lodid, sweats and cod 
liver oil 

Curve 5 (Jansen, Case 48) was afforded by a case of vertebral 
arthritis The patient had had a tonsillectomy three months before. 
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and was making a substantial improvement in the absence of other 
demonstrable foci in the mouth or genito-unnary tract This case was 
of much clinical interest (For details, see section on “Clinical Con- 
siderations ”) 

Curve 6 (Lum , Case 13) is that of a woman, 42 years of age, 
studied by permission of the commanding officer, who had been 
exhaustively examined and treated for foci to the point of removing 
her appendix, and an operation for gallstones, which latter proved 
unnecessary She was at this time suffering from a subacute arthritis 
As a routine measure, and in the absence of any detectable pathology, 



Chart 14 — Normal and slightly lowered sugar tolerance m normal men with 
enlarged tonsils but no systemic symptoms 


her tonsils were removed June, 1919 They proved negative for 
SUcptococcus hemolyticus, were very small and were apparently not 
potential or actual foci of infection She was still sick in February, 
1920 

Case 57 (Langenberger) is another example of the same condition, 
not charted here, and others could be cited 

21® This patient kept her symptoms more or less modified by a low dietary, 
which she was led to adopt largeb b> her owm experience This diet was 
shown later to average about 2,000 calories The beneficial effect of a very 
low diet or starvation on her symptoms had been repeatedly demonstrated and 
It is planned to report this case in greater detail later 
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Chart 16 shows the cur\es obtained from three supposedly healthy 
persons, the subjects of marked tonsillar pathology without symptoms 
One curve was very slightly elevated above the normal, and the other 
two fell within normal limits One of these patients showed such 
gross pathology that his tonsils were removed a day or two later as a 
prophylactic measure The significance of this chart is further borne 
out by the curves m the convalescent arthntics, three of whom were 
the subject of demonstrable surgical foci and yet showed a normal 
tolerance 

It IS important, therefore, to note that, by and large, the dis- 
turbance of the sugar tolerance, as here considered, due to focal infec- 
tion, apparently accompanies the failure of the organism successfull)- 
to maintain its wall of defense and is apparently restored to normal 
when this defense returns In this light a lowered tolerance, following 
on a focus, becomes an intermediary, or, at least, a concomitant step 
in the pathology of arthritis and possibly other conditions as well 

In the course of conducting 109 complete sugar tolerance tests, a 
number of points developed which were of considerable interest, but 
could not be carried to their full development, partly because of 
the closure of the hospital and partly because of the press of other 
work One of these occurred in connection with Case 22 (Oberg), 
described fully under “Dietary Considerations,” the sugar tolerance 
at various times being graphically portrayed on Chart 12 This chart 
IS drawn to a scale different from the others owing to the impossibility 
otherwise of including on it the uppermost curve 

In the course of the treatment of this soldier he was subjected to a 
sharp fast, amounting practically to starvation, which lasted during 
February 27, 28, and March 1, and until noon of March 2 On the 
morning of March 2, a sugar tolerance test was conducted At that 
time he showed a moderate starvation acidosis, as indicated by acetone 
bodies in the blood plasma and urine, and a blood carbon dioxid of 
slightly under 50 volumes per cent Reference to the chart shows 
that although the fasting blood sugar was at about the previous level, 
he showed a very marked intolerance to the ingested glucose, the curve 
rising to about 0 325 per cent at the end of the second hour, being 
still greatly elevated at the end of the third hour One other case 
illustrative of the same phenomenon has come to our attention, and it 
appears that the condition of acidosis may be accompanied by a greatly 
lowered sugar tolerance, or may at least further depress an existing 
low tolerance This point is worthy of further attention March 14, 
when his acidosis had been relieved by feeding carbohydrate, the sugar 
tolerance fell markedly to a point distinctly lower than it had been at 
any time pre\ lously, the highest point on the curve being 0 198 per cent 
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TABLE 15 — Suc.vu TotcRwci toR Arthritics 


A a me 

Date 

Fasting 

H df Hour 

One Hour 

Two Hour 

Throe Hour 

Blood 

s 

ts 

Blood 

C5 

g 

Blood 

C3 

S ! 
02 
a 

s 

Blood 

\ 

C 

a 1 

tn 

C5 1 

s 

Blood 

ci 

H 

00 

r 

s 

Tckman 

2/ !) 

100 

097 

ICS 

183 

139 

160 

111 

1 107 i 

113 

101 

Moseley 

2/ 9 

09'> 

097 

111 

113 

107 

100 

084 

' 079 

083 

079 

Black 

2/ 9 

121 

119 

190 

188 

174 

168 

115 

102 

088 

074 

Stone 

2/10 1 

100 

108 

150 

i 

140 1 

137 1 

092 i 

091 

080 1 

081 

Collins 

2/10 

120 


171 


126 

123 

114 

108 

110 

100 

Stcnart 

2/10 

103 

099 

18S 

193 

135 

139 1 

097 

095 ! 

102 

090 


2/17 


119 


147 


117 ; 


112 


112 

(after exercise) 

2/18 


150 

1 

230 


210 1 


165 

i 


Cullen . 

2/12 

100 

097 

182 

197 

135 

131 ! 

140 

080 

080 

075 


2/17 


130 


195 




120 


088 

(after exercise) 

2/18 


119 


143 


248 


197 

j 


Moehlcr 

2/11 


12'. 


138 


131 


079 


Moon 

2/11 


114 

i 

148 


124 


091 



Gaffnej 

2/12 

110 

107 

152 

150 


122 

i 097 

081 



Cabbage 

2/12 

113 

; 107 

143 

144 

131 

125 

OSS 

083 

088 

HSSSfl 

Bobbins 

2/14 

107 

110 

130 

1 132 

117 

120 

107 

104 

093 

088 


2/18 

118 

115 

1G9 

1 167 

120 

115 

118 

114 

110 

102 

Tall} 

2/19 


120 


125 


133 


090 


107 

Morris 

2/19 

110 

10« 

144 

144 

117 

! 115 

i 101 

099 



Thompson 

2/19 

115 

120 

100 

108 

133 

130 

088 

082 

092 

087 

Gross 

2/20 


121 


126 


115 


119 


109 

Greenberg 

2/20 

128 

120 

145 

130 

155 

156 

100 

100 

100 

100 

Kerr 

2/20 

139 

131 

137 

144 

143 

131 

125 

121 

i 125 

090 

Clement 

3/20 



225 

230 







Bruno 

4/lG 

121 

123 

109 

171 

156 

150 





(after exercise) 

4/17 

111 

112 

138 

140 

111 

111 


i 

1 


Mean of all but those 
after exercise 

11'. 

114 

154 

154 

140 

185 

110 

106 

100 

095 


TABLE 16 — SuG\R Tolerance for Other Pathologic Conditions 


Name 

1 

Date 

i 

Fast- 

ing 

Half 

Houi 

1 

Oue 

Hour ^ 

1 

Two 

Hour 

Three 

Hour 


i 

0 ■ 

0 1 

S 1 

ci 

s ^ 

oi 

cz 

5 

Blood 

c* 

S 

CO ' 
C3 1 

S ' 

Blood 

C5 

S 

tn 

a 1 

5 ^ 

Blood 

Plasma 

^ 1 
0 

0 : 

S 

r 

H 

Vi 

C2 

s 

LaBovtenux 

1/14 

142 




163 


Kin 

! 

116 


Tonsils 

Salvatore 

1/14 

124 




149 


■ ;H 


103 


Tonsils 

Meador 

1/14 

131 




153 


■ (9 


108 


Frontal sinus 

Fountain 

1/18 

143 

1 

206 


! 


1 411 


i 104 ! 


j Plumbism 

Campbell 

IDS 

136 


188 


132 i 


094 


1 093 


Gas bronchitis 

Harris j 

1/lS , 

107 


150 


i 171 ‘ 


116 


075 


Amebic dj sentery 

King i 

' 1/lS 

125 


102 


! 155 

1 

105 


100 

t 

TB peritonitis 

Muse ' 

1 1/23 ; 

147 


234 


I 185 

i 

172 


153 


T B bones and 


! i 





i 

1 




i 

joints 

Fauts 

1/26 


121 


152 


121 


108 



Fractured spine 

Frogley 

2/ 0 


136 


147 


158 

j 

123 


1 

TB pleurisv 

Smith 

i 2/ 7 

100 

102 

153 

153 

130 

124 

120 

116 

111 



Hampton 

[ 3/21 

i 100 

1 

125 


129 


108 



1 


Mean of 10 

H 

1 124* 

j 118 1 

176 

i 

148 

157 

138 


114 

1 102 

! 

t 090 

1 

1 


• This figure for the fasting level of the whole blood is too high The value for the 
plasma of the fasting blood is more neailv correct 
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There is in this observation an apparent incompatibility between 
the relief of symptoms, accompanied eventually by a lowered sugar 
curve, following a reduced ingestion of carbohydrate, on the one hand, 
and the greatly heightened curve consequent upon complete starvation 
on the other hand This discrepancy is more apparent than real, how- 



Chart 15 — ^The sugar tolerance in miscellaneous pathologic cases 


ever, as the condition of starvation induces an added pathology of 
its own and otherwise modifies normal physiologic processes 

A lowered sugar tolerance is specific for no disease and has been 
noted in a variety of conditions It has been regarded, however, as 
more or less peculiar to certain conditions and definitely characteristic 


21” It IS planned to discuss this point more fully at a later date 
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of some of them It is important that there be recorded the results of 
sugar tolerance tests m as many different diseases as possible, and 
there n ere, therefore, included in the present study determinations of 
the sugar tolerance m tweh e cases of miscellaneous diseases at large 
as they presented at the hospital 

Reference to Chart 15 will show the studies and the results of the 
test in each case The highest cur\'e is that afforded by a colored man 
Case 18 (Muse), with widespread tuberculosis of the penosteum of 
the long bones, of the phalanges and of joints of the hands and feet 
It is a moot point whether this case does not belong as much in the 
group of arthritics as elsewhere, since he also had secondary infection 
of the exposed and denuded bony surfaces 

The next highest curv^e is that in a case of chronic lead poisoning 
with the marked atrophj^ characteristic of that condition The next 
highest cun^e was that of an officer alleged to have arthritis, accom- 
panied by mild neurasthenia, and was accidently included on this chart 
It is rather notewmrth)’^ that Cune 7 and Curve 12 w^ere afforded by 
cases of tuberculous peritonitis and tuberculous pleurisy, respectively, 
the former being onty slightl}^ ele\ated, and the latter well wnthin 
normal limits The case of tuberculous peritonitis was in a satisfac- 
tor}' condition of stability, but the case of pleurisy, in an army nurse, 
showed a large effusion in one pleural caMty The diagnoses of the 
other conditions are noted on the cunes 

Chart 16 is designed to illustrate the relative positions of the mean 
cur\es obtained from the \arious groups of cases studied Reference 
to it show's that the severe arthritics gave the highest cun'es, the 
miscellaneous pathologic cases the next highest and moderate arthritics 
the next; the mild and comalescent arthritics followed with curves of 
about the same height , the cun^es m the normal cases being the low est 
of all It is to be noted that the miscellaneous pathologic cases were 
studied and recorded as they became arailable, and that the composite 
curve for them fell by chance in the position indicated It is probable 
that selection could be made of certain types of miscellaneous path- 
ologic cases which w'ould determine such a composite cur\e at either 
a higher or a low er level according to the groups chosen ' 

iTlias generally been believed, as Hamman and Hirschman^° point 
out, that, w'lth the exception of disease of the pancreas, disturbances 
of the thyroid are the most common cause of altered carbohydrate 
tolerance These authors emphasize, howe\er, that even in hypo- 
thyroidism, sugar tolerance show's perplexing combmations, although in 
a general way low in hj perthyroidism, and abnormally high in hypo- 
tltyroidism and that indnidual patients display wide latitude in their 
responses The same conditions obtain in connection w ith disturbances 
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of the hypophysis, where similar individual discrepancies occur Again, 
it has long been known that in nephritis the blood sugar is often 
unusually high However, as Hamman and Hirschman remark “It is 
not always high, sometimes it is at the normal level, and why some 
cases have hyperglycemia and others have not, has never been satis- 
factorily explained ” 

It would seem, however, in the light of the evidence herewith 
adduced, that lowering of the sugar tolerance, as exemplified by the 
glucose tolerance test, rests, m part at least, on somewhat more funda- 
mental pathologic processes than has hitherto been suspected It seems 
to stand m some relation to inflammatory processes at large, and it 
appears from the data adduced herewith, that the incidence of an 
inflammatory process m a healthy person may induce a lowered sugar 
tolerance, that is a high curve There can be here instanced the case 
of Meador, a normal man, before and after the onset of frontal sinu- 
sitis As seen by referring to Chart 2, illustrating the sugar tolerance 
of normal individuals, he there gave a curve (No 8, Dec 28, 1918), 
which rose only to 0 127 per cent at the end of the first hour, and later 
when he was the subject of an acute inflammatory process, he gave a 
curve-® which was at 0 190 per cent at the end of one-half hour, at 
0 152 per cent at the end of the first hour and at 0 167 per cent at the 
end of the second hour On the other hand, other curves here adduced 
definitely prove that a lowered sugar tolerance of marked degree may 
abruptly return to normal after the removal of a focus of infection 
This is illustrated in four cases of this series®^ m such a striking way 
as to be unquestionable 

It IS entirely possible that some departures from normal observed 
in studying nephritis and thyroid and hypophyseal disorders, etc , are 
referable to such agencies as focal infections, and that we may really 
be determining under these circumstances the lowered tolerance due 
to them rather than to the disease primarily under consideration 

This applies, of course, to the miscellaneous diseases we have 
studied and recorded on Chart 15, and suggested the inexpediency of 
extending such observations unless carefully controlled Thus the 
high curve (2) aftorded by the case of plumbism, for example, may 
ha\e been due to a focus which we did not at that time search for or 
suspect as having any bearing on the result 

It would seem important, therefore, in studying the carbohydrate 
tolerance of any disease in a given individual, to make sure that there 
IS no focus in the field operating to alter the reaction to the glucose 
tolerance test 

22 A high level of blood sugar in furunculosis has been noted by Gettler 
and St George, J A A 71 2033 (Dec' 21) 1918 

23 Chart 15, miscellaneous pathologic cases, Cun^e 4, Jan 4, 1919 

24 Charts 7, 8, 11 and 12 
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Finally, there is called pronimentl}' into the foreground the possi- 
bility that other diseases, of winch a lowered sugar tolerance is a 
recognized symptom, may originally ow e their characteristic feature 
of a lowered tolerance to such factors as causative agents 

A lowered sugar tolerance, as measured by the glucose tolerance 
test, seems to be a more common occurrence than has been appreciated 
In \iew of the demonstrated relation of focal infection to sugar 
tolerance , in view of the frequency of foci in arthritis and at large , 
m view of the frequenc}' of arthritis as a disease and the frequency 



Chart 16 — ^The a\erage cur\es for the se\eral groups of se\ere, moderate, 
mild and con^alescent arthntics miscellaneous pathologic cases and normals 


with uhich It IS accompanied by a lowered sugar tolerance, it seems 
necessar}" to modify the view ^\hlch ascnbes to disturbance of thyroid 
function, next to disease of the pancreas, the most common cause of 
altered carbohydrate tolerance as measured by this test The thyroid 
or other glands may be invohed in the chain starting with focal infec- 
tion but the glucose tolerance test reflects of course, only a part of 
the carbohydrate metabolism as a whole, and it is unprofitable m \iew' 
of our incomplete knowledge to speculate much as to its full siomfi- 
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cance It is dear, however, that most arthritic patients are unable to 
remove from the circulating blood, as does a normal individual, the 
carbohydrate which reaches it from the gastro-intestinal tract 

Hamman and Hirschman cite one case of rheumatic fever with 
afternoon temperature as high as 101 F , in which there only occurred 
a very slight rise of blood sugar after taking 100 gm of glucose 
Opportunity has permitted us to study only a few cases of febrile 
“inflammatory rheumatism,” but the three cases which we observed 
showed a markedly lowered tolerance One of these has been recorded 
on Chart 11, giving two markedly elevated curves during the course of 
an acute febrile arthritis before and during symptomatic control of 
symptoms by acetylsahcyhc acid Another case is illustrated on Chart 
13 (Curve 2, Folden, Case 63) The patient was at that time appar- 
ently free from demonstrable surgical foci and was in the middle of a 
widespread rheumatic exacerbation This case is described under 
“Clinical Considerations” The third patient (McKensie, Case 62), 
during an attack of diffuse febrile arthritis with temperature up to 
100 4 F at the time of the test, gave a lowered tolerance with a curve 
up to 0 215 per cent This curve is not charted, the figures for plasma 
sugar being 10 a m, 0 132 per cent fasting, 10 30 a m, 0 215 per 
cent after 100 gm glucose, 11 a ni , 0188 per cent This case was 
interesting in that the patient had had previous attacks of considerable 
severity, during which he received as many as eleven or twelve injec- 
tions of phylacogens, one injection daily On admission from the 
command to the hospital, he had been sick and febrile for three days, 
and had had three injections of phylacogens, obtained on his own 
responsibility outside These were discontinued, and several days 
later the temperature fell to normal under routine treatment About 
ten days later, during a sick leave, he again became ill in the same 
way, being admitted with diffuse tenderness and fever He had had 
no phylacogens on this occasion It was at this time, April 2^, 1919, 
that the above test was made This man had a dental abscess The 
tonsils and genito-urinary tract were reported normal, and he had a 
four plus Wassermann 

25 The propriety of withholding large amounts of carbohydrate from some 
such cases finds ample corroboration m the restncted diets discussed in Part V 
It is suggested that this principle may also have application to some other 
conditions accompanied by this disturbance, in the effort to spare an obviously 
weakened function 

(.Parts IV and V will be published in the April issue ) 



A METHOD OF ANALYZING THE ELECTRO- 
CARDIOGRAM ■ 


HUBERT MANN, AID 

NE.\V \ORK 

The electrocardiogram as geneially taken consists of three leads, 
obtained by using the two arms and the left leg as the contact or 
leading off points Einthoven^ has shown that these three leads bear 
a definite mathematical relationship to one anothei and has used an 
equilateral triangle to express this relationship graphically For the 
better understanding of the succeeding parts of this paper we shall 
consider this mathematical relationship and its graphic representation 
at some length 

The mathematical relationship is expressed by the equation lead II 
equals lead III plus lead I This means that the height of the ordinate 
in lead II of the electrocardiogram at any instant is the sum of the 
heights of the ordinates in leads III and I The reason for this rela- 
tionship can be appreciated if we consider the string galvanometer 
simply as an instrument for measuring differences of potential - If 
now we wish to measure the difference of potential between the right 
arm and the left leg (lead II) at any instant, we can do it either 
directly by connecting the galvanometer with the right arm and left 
leg (lead II) or indirectly by taking some other point, as for example 
the left arm, finding the difference of potential between the right arm 
and the left arm (lead I) and between the left arm and the left leg 
(lead III) and adding them together In a similar manner, if one 
wishes to find the difference in elevation (potential) between two 
towns, A and B, one may either subtract the elevation of A from the 
elevation of B (lead II), or one may take a third town, C, find the 
difference in elevation between A and C (lead I) and between B and C 
(lead III) and add them together It is clear that the answer must 
be the same whichever w'ay one proceeds Thus, if the E K G gi\ es 
us a true record of differences of potential, it must follow that for 

* From the Cardiographic Laboratory of Mount Sinai Hospital, New York 

1 Einthoven, W The Different Forms of the Human Electrocardiogram 
and Their Signification, Lancet 1 853, 1912 

2 The string galvanometer, because of the fact that the resistance of its 
circuit IS not infinite, has a slight tendency to decrease the difference of 
potential between the leading off points, but ordinarily the error from this 
source is negligible, and the mathematical relationship between leads holds 
within the limits of experimental error 
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any and every moment during the cardiac cycle lead II equals lead III 
plus lead I , or, as it is more convenient for practical purposes to put 
it, lead II minus lead I equals lead III 

To express this relation graphically Einthoven^’ ^ makes use of an 
equilateral triangle The peculiar fitness of the equilateral triangle is 
due to the fact that the projections on the sides of an equilateral 
triangle of any straight line drawn within the triangle have a relation- 
ship similar to the relationship between the leads of an electrocardio- 
gram Figure 1 will demonstrate this point 

O A IS any straight line drawn within the equilateral triangle R L F 
The projections of O A on the three sides correspond to the three leads 
of the electrocardiogram and are labeled cj, and € 3 , respectively The 
geometrical proof given shows that cg = ^3 + This equation will 
hold whatever be the position of O A, provided we give Cj, c, and 
negative values when they would have negative values in the electro- 
cardiogram 

Since Einthoven first demonstrated these mathematical and geo- 
metrical relationships, numerous investigators^ have made use of them 
in analyzing electrocardiograms The methods used have been various 
minor modifications of the original method of Einthoven, Fahr and 
de Waart,® which consists in finding the values of the three leads at 
any chosen instant and in substituting these values m certain formulas, 
thereby obtaining a linear value called “E” or the “manifest value,” 
and an angular value, “a ” These two values determine the length and 
direction of a vector which corresponds to the line O A m Figure 1 , 
O A in Einthoven’s formula having the linear value E, and the angle 
C A O being a The length, E, of the vector gives the manifest value 
of the potential difference as shown by the three leads, but the vector 
as drawn by Einthoven in his original paper, ^ and thereafter by 
numerous users of this method^’ ^ is in a direction directly away fiom 
the point at which the center of negativity is located 

Carter, Richter and Greene® have developed an interesting modifi- 
cation of Einthoven’s method By means of an equilateral triangle, 

3 Einthoven, W , Fahr, G , and deWaart, A Ueber die Richtung und die 
inanifeste Grosse der Potentialschwankungen im menschlichen Herzen und 
uber den Einfluss der Herzlage auf die Form des Elektrokardiogramms, Arch 
f d ges Physiol 150 275, 1913 

4 Pardee, H E B Form of the Electrocardiogram, J A M A 62 1311 
(April 25) 1914 Fahr, G Simultaneous Records of Heart Sounds and the 
Electrocardiogram, Heart 4 147, 1912 

5 Carter, E P , Richter, C P , and Greene, C H A Graphic Application 
of the Principle of the Equilateral Triangle for Determining the Direction of 
the Electrical Axis of the Heart m the Human Electrocardiogram, Bull Johns 
Hopkins Hosp 30 162 (June) 1919 
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Pjg 1 — This IS ft simple geometrical demonstration of those piopcities which 
make the equilateral triangle peculiarly suitable for use in analysis of electro- 
cardiograms 

The values of the rectangular coordinates (X, Y) of a point (A) are found 
iilgebiaically m terms of the three leads and fj) 

Proposition The longest projection on the sides of an equilateral triangle 
of am straight line drawn within an equilateral triangle equals the sum of the 
projections on the other two sides 

I FT A 0* be any straight line drawn within the equilateral triangle R L F 
Let El, f:, and fj be the projections of A O on the three sides of the triangle, 
obtained by dropping perpendiculars (AAi, AA-, AAs, OOi, 00-, OOa) from 
the ends of the line A O upon the sides of the triangle 

TO PRO\E THAT e- == -f- 

CONSTRUCTION 1 Producc A A until it meets OOi at B 

2 Draw BBi perpendiculai to L F 

3 Draw A H parallel to R L cutting B O at C 

4 Draw K Bs parallel to A H 

5 Draw R Oa* the perpendicular bisector of L F 


AoOj — BiO-i 

-f* A iB-; 
e, = ei 4- A-$Bi 

= C3 -{- Bs 

= es + liA H 

= e! + A C 

f- = et 4- et 


PROOF 

for thej nre the projections of OB ind the projections on the sides 
of in isosceles tnnngle of anj line perpendicuhr to the base arc 
equal 

for B-^Os” A' i 034 " AsBt 
for A 202 ~f" md AiOi=e-t 

for AiBa^^lKBi because trnpglc K AiBi is sitnihr to trnngle R 
L Os and L Oi=>4 R L. since F L=R L and L Os— Vi F L 
for K B 3 = \ H because pnnllcl lines included betw cen parallel 
lines arc eqinl 

for Ys A HerA C because A 0=0 H since triangle A B C=: 
triangle H B C (The two triangles ha\c the common side B C, 
angle A C B=angle H C B=a right angle and angle A B C= 
angle H B C=60® since perpendiculars to the sides of an equilateral 
triangle intersect at angles of 60' ) 

for A. C = El, because parallel lines included between parallel lines 
are equal 

Q E D 


* In the figure the point O has been made the center of the triangle for the 
sake of simplicity in construction but the proof does not depend on this fact 
and will hold whatever be the position of the line O A As a matter of fact 
the point O is taken at the center of the triangle in the subsequent part 
of tins paper 
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TO FIND THE VALUE OF THE RECTANGULAR COORDINATES (x, y) OF THE POINT A IN 

TERMS OF ^ 1 , C2, AND 63 


Draw NO 2 and MO 3 parallel to OOi 
Then X = A C = AiOi = Ci 


Y = C 0=(B O — B C) = (D 0 + D C) 

= Vz (B O — B C + D 0 + D C) 

= % (B O + D O) for B C=D C because triangle A B D is an equi 

lateral triangle (having its three sides perpendicular 
to the sides of the equilateral triangle R L F) and 
A C IS the perpendicular bisector (being parallel to 
R L and therefore perpendicular to BD) 


5=^14 m 0->4-M O 3 ') ® 0=N O 2 and D 0 =M O 3 because parallel 

“ ^ ‘ ^ lines included between parallel lines are equal 




Vi 


) 


for angle N O2A2=30°=angle M O3A3 and the secant 
2 


of 30° = 


V3 


V3 


accurately drawn, with its center at the center of a graduated circle, 
they have evaluated E and the angle a geometrically instead of alge- 
braically In practice, this method is considerably easier than the 
original method 

It will be evident to the student of mathematics that Einthoven and 
his followers have used what is known as the polar system of coordi- 
nates, designating as E and a what the mathematician ordinarily calls 
p and 6 In July, 1916, after perusing H B Williams’ paper,® I was 
led to investigate the properties of Emthoven’s triangle and its appli- 
cation to electrocardiography In this investigation a system of rec- 
tangular coordinates was employed, and the results have been so 
interesting and suggestive that it seems advisable to publish this method 
of analysis as a prehmmar)'- to the publication of the results that we 
have obtained by its use 

The basic principle of the method can be demonstrated by means of 
Figure 1 Instead of finding values E and a which correspond to p and 6 
m the polar system of coordinates, we have found two values which 
correspond to what are known as X and Y in the rectangular system 
of coordinates These two values locate the point A, and, since the 
point O IS fixed at the center of the triangle,'^ give us the'same infor- 
mation that was given by E and the angle a 

But, although our values for X and Y give us the same information 
that was given by E and a, they give it in a much more useful form 
In the first place, it is easier to visualize points located by rectangular 
than by polar coordinates It is simpler to think of a point with the 
value X = 4, Y = 3 than it is to think of the same point with the value 
P = 5, 6 = 37°, or E = 5, a = 37° Again, it is simpler to chart a point 


6 Williams, H B On the Cause of the Phase Difference Frequently 
Observed Between Homonymous Peaks of the Electrocardiogram, Am J 
Physiol 35 292 (Oct ) 1914 

7 See footnote to Figure 1 
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located by rectangular coordinates than the same point located by polai 
coordinates Ordinal y cioss section paper can be used, and there is 
little possibility of error Furlhennore, the mathematics involved in 
locating a point are simpler with rectangular cooidinates, viz 


reclangulai coordinates® 
y _ ^2 ^3 

VJ 


polar coordinates® 


a = tan ^ 


2 Co 

CiA/t 


E = 


Cl 

cos a 


But the gieatest advantage to be obtained by the use of recUngulai 
coordinates is due to the fact that it is comparatively easy with this 
system to plot consecutively the successive values of X and Y through 
a complete cardiac cycle and to connect these consecutive points with a 
fairly smooth curve which we shall call the “monocardiogram,” foi 
reasons which will appeal later 

In Older to understand the significance of this “monocardiogram,” 
we shall revert for a moment to Einthoven’s original discussion of the 
equilateral triangle Einthoven,® speaking of the Q R S wave of the 
electrocardiogram, says “The curve must repiesent, undei all circum- 
stances and in every moment the algebraic sum of all the potential 
differences which at that moment are developed m the heart ” We 
shall try to express the same thought by saying that the point X, Y 
(A in Figure 1), which we locate by oui system of coordinates, lepre- 
sents the “center of negativity” of the heart at that instant , meaning 
by “center of negativity” a point somewhat analogous to “center of 
gravity” and “center of mass ” If at any moment there are present in 
the heait several (negative) electrical charges which have value 
(intensity, voltage) and position (diiection) then the center of nega- 
tivity IS that point which represents the algebraic sum of all the poten- 
tial differences The line, E, in Einthoven’s drawings, which connects 
this point with the center of the equilateral triangle will, by its projec- 
tions on the three sides of the triangle, give the values of the gal- 
vanometer deflections (ordinates) for the three leads at that particular 
instant By finding the location of the center of negativity at con- 
secutive instants, and connecting the points thus found by a continuous 
line, we obtain a curve which repiesents the successive algebraic sums 
of the potential differences that de\elop in the heart during the cardiac 
cycle This curve we have called the monocardiogram to distinguish 
It from the ordinary electrocardiogram, which is really a “tricardio- 
grani” or a threefold dernatne of the monocardiogram 


8 See Figure 1 

9 Lancet 1 856, 1912 
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The monocardiogram is really a fusion of the three leads of the 
electrocardiogram into a single curve by an algebraic reversal of the 
process by which three leads are obtained from one heart Its study 
brings us much nearer the real electrical events of the cardiac cycle 
than does the study of the ordinary E K G , or tricardiogram which is 
derived from it by our present method of leading oft Figure 2 illus- 
trates this fact It shows the monocardiogram of the Q R S deflection 
taken from an electrocardiogram published by Einthoven (Fig 8)^ and 
used by Einthoven as a demonstration in his original description of 



F 


Fig 2 — ^This figure shows the monocardiogram which is derived from an 
electrocardiogram published by Einthoven (Fig 8) ' It can be seen that the 
three leads of the electrocardiogram are really derivatives of the monocardio- 
gram, obtained by successive projections of the monocardiogram on the three 
sides of the equilateral triangle 

Note that in this monocardiogram, as m all the others shown in this article, 
the right side is on the observer’s left This is in accordance with ordinary 
cardiographic usage as regards Einthoven’s triangle and facilitates inter- 
pretation 
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the equilateral triangle It can be seen that leads I, II and III aie 
really derivatives obtained by successive projections of a vector con- 
necting the center of our triangle with the successive positions of the 
center of negativity Thus the monocardiogram represents as nearly 
as can be represented in a plane figure, the actual electrical exents of 
a cardiac cycle 

The direction and shape of the monocaidiogram haxe an anatomic 
significance which is indicated only obscurely by the direction and 
shape of the ordinary electrocardiogram The shape of the oidinary 
E K G may be considered the result of the projection of the mono 
cardiogram (M C G ) on the sides of an equilateral triangle, and thuw 
the anatomic significance becomes distorted and obscured, but the 
M C G itself owes its shape to the actual electrical events of the 
cardiac cycle and shows the successive relative positions of the center 
of negativity Thus, it affords us a method of localizing, in a plane, 
various parts of the cardiac musculature, of analyzing an E K G with 
regard to its anatomic significance, of determining what part of the 
cardiac musculature is responsible for various types of bizarre and 
abnormal E K G ’s, and of locating the site of origin of extrasystoles 
By means of three leads taken in a horizontal plane and similarly 
analyzed we can obtain a “transverse monocardiogram” and get a three 
dimensional view of events during the cardiac cycle It is our intention 
111 further communications to discuss the points just mentioned and 
more especially to use the monocardiogram for the analysis of 
E K G ’s in which it is assumed that there are defects in various 
localized regions of the cardiac musculature i e , in cases of sub- 
endocardial myocarditis as described by Oppenheimer and Rothschild 

For the application of our method to the analysis of an electro- 
cardiogram it IS not absolutely necessary to have simultaneous E K G ’s 
of the several leads Provided the string has been carefully standard- 
ized it IS quite practicable to proceed as follows 

1 By means of a camera lucida drawing, photographic enlargement, 
or by examination of the film with a microscope a series of careful 
measurements of a complete heart cycle is made for each lead If 
there is evidence of respiratory or sinus arrhythmia care must be taken 
to select cycles which are in the same phase The values of the ordi- 
nates are measured in millimeters for every hundredth of a second 
or less 

2 By the method of trial and error the three senes of measure- 
ments are so arranged that for exery moment during the cardiac C3xle 

10 Oppenheimer, B S , and Rothschild, M A Electrocardiographic 
Changes Associated vith ^hocardial Imohement, T A A 69 429 CAutr 
11) 1917 ■ ^ 
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lead 11 minus lead I equals lead III In most curves, especially those 
with high peaks, this is a fairly easy matter 

3 The value for X for each moment (0 01 second) is known, for 
it IS the value of lead I (Fig 1), but the value of Y must be calculated 
as follows divide the algebraic sum of leads II and III by the square 
root of 3 This is doue by means of Table 1, and gives us the succes- 
sive value of Y 

4 The successive positions of the point X, Y are plotted and con- 
nected with a fairly smooth curve, thus giving the monocardiogram 

Figure 3 illustrates the method of procedure The camera lucida 
enlargement of the E K G is shown, the values of the three leads 
foi every hundredth of a second are shown properly arranged, the 
values of Y are shown calculated, and the monocardiogram resulting 
IS shown 


Table 1 


— This table is used for the calculation of the value Y 



It IS used like a logarithm table For example at the instant labelled 20 m 
the table in Figure 3, the ordinate in lead II measured 9 7 mm , and the ordinate 
in lead III measured — 8 mm The algebraic sum of 9 7 and — 8 is 89 If 
we look this number up in our table we use the horizontal row labelled 8 and 
the vertical row labelled 9 The number which we find at the intersection 
of these two rows is 5 138 and thus our value for Y is approximately 5 1 
The values for Y at other instants were found in the same manner by adding 
the values of ^ds II and III and using the table to simplify the process of 
dividing by V3 
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4 446 
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8 
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5 312 
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5 4S5 
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5G58 

5 716 

9 

0 05196 


The use of simultaneous electrocardiograms is theoretically desir- 
able, but we are not confined to such simultaneous records in the 
employment of this method Successive heart cycles in an individual 
are so nearly alike that, .provided proper precautions are exercised in 
the choice of cycles, the rule, lead II minus lead I equals lead III, holds 
for practical purposes In practice we have found it possible to apply 
this method of analysis to the ordinary E K G as usually taken 

Figure 4 shows a monocardiogram derived from one of the rare 
electrocardiograms in which all three leads were taken simultaneously 
The original E K G was published by Einthoven, Bergansius and 
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Fig 3 — This figure shows the method of obtaining a monocardiogram 
Above, to the left, is shown a camera lucida drawing of tlie three leads of an 
electrocardiogram The ordinates represent 004 second and the abscissae rep- 
resent 01 millivolt To the right is sho^^n a table of values of the ordinates 
of the three leads for e.very 001 second properly arranged so that lead II 
minus lead I equals lead III for everj' instant The fourth column of figures 
m the table gnes the ^alues of Y calculated by means of Table 1 Below is 
show 11 the monocardiogram plotted bj connecting successive values of the point, 
X, Y, with a smooth curve The P, QRS, and T deflections are plotted sepa- 
rately Positive values of X are plotted to the observ'er’s left, for this is taken 
as the right side Positive values of Y are plotted above the line, as is usual 
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Fig 4 — This shows the monocardiogram derived from an electrocardiogram 
published by Emthoven, Bergansms, and Bijtel“ (Fig 3, Cycle 2) From this 
E K G (which is one of the very rare published electrocardiograms taken 
simultaneously m all three leads by means of three galvanometers) we have 
derived the monocardiogram, shown above Below the monocardiogram are 
shown eight pairs of derived electrocardiograms These were derived from the 
monocardiogram by a method similar to that illustrated in Figure 2 and thej'^ 
show the effect that rotation of the heart’s axis would have on the electrocar- 
diogram We have followed customary trigometrical notation and called clock- 
wise rotation negative and counterclockwise rotation positive Thus by -j- 30 
we mean that the heart is so rotated that the apex approaches the patient’s 
left shoulder 
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Fig 5— The uppermost monocardiogram is that of a normal heart The 
second monocardiogram was derned from an EK-G \\hich showed a char- 
acteristic left \entncular preponderance (mam deflection upnght in lead I 
and in\erted in lead III) 

The third monocardiogram was derned from an EK.G which showed a 
characteristic nghf \entncular preponderance. 

The lowermost monocardiogram was den%ed from the electrocardiogram of 
a \entncular e.xtras> stole It points defimtclj to the nght ^ent^cIe (obsen- 
ers left) 
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Bijtel Our figure shows a senes of derived E K G ’s which demon- 
strate the effect that rotation of the heart’s axis would have on the 
ordinary electrocardiogram The series of E K G ’s was obtained by 
rotating the monocardiogram and plotting the various resulting E K 
G ’s by a method similar to that illustrated in Figure 2 In Figure 2 
the M C G is derived from the E K G By reversing our procedure, 
we can plot the E K G from the M C G By taking the M C G 
and rotating it 15 degrees we can plot out the E K G that would 
result if the heart itself were rotated 15 degrees In this way we can 
obtain a series of E K G ’s that will show the effect of rotation of the 
heart’s axis on the normal E K G During normal respiration changes 
occur in the E K G which are probably due to a combination of rota- 
tion of the heart’s axis and nervous effects ® 

Monocardiograms of a normal heart, of left ventricular preponder- 
ance, of right ventricular preponderance, and of a ventricular extra- 
systole are shown in Figure 5 It is interesting to note that in ventncu- 
lar preponderance, the preponderant or thickened ventricle shows a 
tardiness in electrical response which causes a shifting of the center 
of negativity to the side opposite the preponderant ventricle and thus 
gives E K G ’s which are characteristic of preponderance It can be 
seen that the different electrocardiograms which are characteristic of 
'various types of cardiac abnormality give monocardiograms of every 
different form The anatomical significance of the monocardiogram 
gives us reason to hope that this method of analysis will lead to closer 
correlation between cardiographic and pathologic findings 

SUMMARY 

1 A new method is presented by which the ordinary three leads of 
the electrocardiogram are combined in a single curve, the mono- 
cardiogram 

2 Usefulness of this method of analyzing the electrocardiogram is 
explained 

The writer wishes to acknowledge indebtedness to Dr B S Oppenheimer 
for his assistance in the final preparation of this paper 

50 East 96th Street, New York 

11 Einthoven, W, Bergansius, F L, and Bijtel, J Die gleichzeitige Regis- 
trierung elektrischer Erscheinungen mittels zwei oder mehr Galvanometer und 
ihre Anwendung auf die Elektrokardiographie, Arch f d ges Physiol 164 
167, 1916 



IRRITATIOK OF THE VAGUS AND HE^^IORRHAGIC 
EROSIONS OF THE STOMACH - 

KNUD NICOLAYSEN, MD 

The so-called \egetative or autonomous peripheral nervous system, 
\\hich consists of the vagus and the sympathetic, has been subjected 
to systematic investigation only recently While numerous contribu- 
tions have been made to the knowledge of the functions of this system, 
we are yet far from a clear understanding of its structure and mode of 
action The ideas of Eppinger and Hess^ concerning vagotony and 
sympatheticotony are well known, but a few points may be discussed 
W*e know that the vegetative nervous system consists of the vagus and 
the sympathetic, that they are antagonistic in most cases, holding each 
other normally in equilibrium, and that there are a number of sub- 
stances which act as irritants or as paralyzers of these nerves Thus 
pilocarpin irritates, atropin paralyzes the vagus, while epinephrm irri- 
tates the sympathetic, definite sympathetic paralyzers not being known 
The antagonistic relation between the sympathetic and the vagus 
results, generally speaking, in that paralysis of the sympathetic pro- 
duces the same symptoms as irritation of the vagus and vice versa It 
also appears as if disturbed correlation betw^een the endocrine organs 
may cause diminished or increased tonus in the vagus or sympathetic, 
or both The vagus is the secretory and motor nerve of the stomach , 
' hypersecretion, hyperchlorhydria and pyloric spasms are believed to 
result from irritation of the vagus and to be symptoms of vagotony 
The similarity of these symptoms wuth those of ulcer of the stomach 
has led to the belief by some that ulcer also is associated with a vago- 
tonic condition Petrin and Thorling examined eighteen patients with 
ulcer of the stomach as to their reaction to pilocarpin and atropin, on 
the one hand, and epinephrm on the other, and came to the conclusion 
that a pronounced vagotony is often present in patients with ulcer, 
wdiereas a definite s) mpatheticotony was observed only rarely, five of 
the patients reacting to atropin-pilocarpin as w’ell as to epinephrm 

Dunng recent years, a number of experimental investigations have 
been made in regard to the influence of the vegetative nervous system 
on the stomach, especially with respect to hemorrhages and erosions 

*From the Pathologic-Anatomic Institute of the Rikshospital, Christiania 

1 Eppinger, H. and Hess, Leo Zur Pathologic des ^egctatlvc^ Nerven- 
s} stems, Ztschr f klin Med 67 345, 1909 , 68 205, 231 1909 

2 Petrin, K and Thorling, I Untersuchungen fiber das Vorkommen von 
Vagotonus und Svanpathikotonus Ztschr f Ilin Med 73 27, 1911 
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Finzi® removed one or both suprarenals in rabbits and dogs, and 
subsequently observed edema and hemorrhages in the gastric mucosa, 
degeneration of the epithelial cells, and even real ulceration , the greater 
the amount of suprarenal removed the more extensive the changes 
After total extirpation, the animals lived only a few hours, but m some 
instances, in which a remnant of the suprarenal was left, the animals 
lived from fifty to sixty days The changes in the gastric mucosa 
developed rapidly, but healed slowly with only slight tendency to scar 
formation If epinephrin was given after the extirpation, changes in 
the stomach did not take place In five cases of gastric and duodenal 
ulcer in man, he found changes in the suprarenal after death — thick- 
ening of the capsule, fatty changes and hemorrhages 

Friedman^ observed erosions m the duodenum in dogs after 
repeated injections of epinephrin He found that extirpation of one 
or both suprarenals, of one suprarenal and a lobe of the thyroid, or 
of a thyroid lobe alone, in dogs and rabbits, was followed by hemor- 
rhages and erosions in the stomach except when the operation involved 
the suprarenals and the thyroid at the same time Consequently, he 
concludes that the lesions m the mucosa of the stomach m suprarenal 
insufficiency are dependent on the integrity of the thyroid 

Mann® experimented on dogs and cats, removing both suprarenals 
m one or two sittings, and keeping the animals etherized until they died, 
usually from two to eight hours after the operations, but no ulcers 
resulted, removal of one suprarenal was followed by death in from 
five to 235 days, but no ulcers were found, except in one case, removal 
of both suprarenals m one or two sittings resulted m ulcers in the 
stomach or duodenum in 90 per cent Mann holds that the ulcers" 
developed as the animals became moribund He saw two types, one 
superficial and diffuse — erosions — ^and the other a sharply defined ulcer 

Friedman reports that he was able to produce erosions in the 
stomach in three of four rabbits by injection of thyroid substance 
Believing that these erosions were caused by vagotony due to hor- 
mones in the thyroid, he tried to cause vagotony in rabbits by injecting 
pilocarpin, and in the thirteen animals experimented on erosions were 
found in all in the stomach at the same time as salivation, diarrhea 
and increased secretion of bronchial mucus and of tears resulted In 
nine animals injected alternately with pilocarpin and epinephrin, eight 
developed erosions in the stomach and the duodenum He concludes 

3 Fmzi, Otello Ueber Veranderungen der Magenschleimhaut bei Tieren 
nach Nebennierenexstirpation, Virchows Arch f path Anat 214 413, 1913 

4 Friedman, G A Experimental Production of Lesions, Erosions and 
Acute Ulcers m Rabbits by Repeated Injections of Pilocarpin and Adrenalin, 
J M Res 38 449, 1918 , 32 

5 Mann, Frank C A Study of the Gastric Ulcer Following Removal of 
the Adrenals, J Exper M 23 203, 1916 
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that epmephnn, together w ith pilocarpin. acts panicularly on the duo- 
denal mucosa, ^\hlIe pilocarpin alone acts on the gastnc mucosa He 
allowed the animals to lue only a few hours after the last injections of 
pilocarpin, and it is noteworth) that the erosions appeared \ery 
promptly 

The results discussed m the foregoing are of interest not only with 
respect to the actions of the \egetati\e nerv'ous system and its relation 
to the endocnne organs, but also because they throw' a new' light on 
the genesis of hemorrhagic erosion and perhaps also of gastric and 
duodenal ulcer 

That irntation (“stimulation of the \agus or paral}sis of the 
sympathetic ) may cause changes in the lining of the stomach in 
animals has been established The nature of these changes and their 
fate, as well as the histologic processes mitiated, are, however, less 
clearly' understood It is these questions which I have studied in 
rabbits injected subcutaneously w'lth 5 per cent pilocarpin hydro- 
chlorate. 

In all, ti\entj-fi^e animals -nere used The stomach was examined m all 
cases after formol fixation, the sections were stained with hematoxylin and 
eosin lan Gieson’s method and Gram's method Jenner’s stain as recommended 
by HejTO^sky' was also used The experiments are not described in order but 
in groups, and the same animals maj be considered under more than one group 

Of ten animals which receued from 10 to 35 eg pilocarpin m two or more 
injections of 5 eg each, and all of which died or were killed within twent>- 
four hours, nine showed changes in the lining of the stomach, three had in 
, addition erosions or ulcers in the duodenum, only one animal being free from 
changes after t^^ent}-four hours This animal reacted to the injections with 
onlv slight salnation, whereas all the other animals immediate!}' after the 
injection presented salwation, lacrimation, diarrhea and rapid respiration Each 
animal, however, did not react in proportion to the amount of pilocarpin 
injected, and animals recehing the same amount of pilocarpin reacted m dif- 
ferent degree, thus ti\o died after they had recened 10 eg, one two hours 
and the other twenty -four hours after the injection and without any other 
apparent cause for death than increasing respiratory difficulties The animals 
which died after two hours had extensne fat necrosis as demonstrated by 
Benda’s reaction as well as being e\ident macroscopically' In another ani- 
mal, which had recened 17 5 eg of pilocarpin and which died after eighty- 
four hours there was found fat necrosis also It is known that irritation of 
the vagus causes increased pancreatic secretion but tlie reason that these two 
animals de\ eloped fat necrosis I haie not tried to determme The rabbit which 
recened the greatest amount of pilocarpin, 35 eg, was moribund at the end of 
twenty -four hours and was killed, one rabbit is not included among the ten 
because it Ined for se\enty-two hours, during which time it recened 2 5 eg 
four times, dying without any other cause than pilocarpin mtoxication If we 
exclude the ti\o rabbits which died Avith fat necrosis we see that altogether 
three of twenty -fiAe animals were killed directly by pilocarpin. 

As there are persons with Aagotony, it is reasonable to assume that there 
may be Aagotonic animals also and, as we shall see there are certain signs 


6 HeyroAsky Hans Histologische Untersuchungen der Magenschleimhaut 
bei Ulcus Aentriculi imd Carcinom, Deutsch Ztschr f Chir 122 359, 1913 
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which indicate that the animals which died were previously vagotonic Eosino- 
philia IS a well known sign of vagotony Rabbits, however, have not only 
from 1 to 3 per cent eosinophilic leukocytes normally, but most of the leuko- 
cytes in these animals are “pseudoeosinophils ” In twenty-five rabbits I found 
30 per cent of the leukocytes to be acidophil, and that after injection of pilo- 
carpin the number of acidophil cells increases rapidly in the course of a couple 
of hours, whereupon the number returns to normal In fourteen animals, 
examination of the blood by Jenner’s method after injection of pilocarpm, 200 
leukocytes being counted each time, showed that ten of the animals on an 
average had 22 per cent acidophils and 78 per cent other leukocytes before 
the injection, and after the injection the percentages were 67 acidophils and 
33 nonacidophils Four animals were found to have a larger percentage than 
usual of acidophils before injection, and it is of great interest to note that 
these four animals all died, three of them as the direct result of pilocarpm 



Fig 1 — Hemorrhage into the mucosa in the bottom of a fold, the epithelium 
absent, X 20 



Fig 2 — Definite loss of substance in five hours, X 20 

intoxication and the fourth from fat necrosis Two of the animals which died 
from pilocarpm directly received only 10 eg , these animals had 60 per cent 
eosinophils before the injection, and there was hardly any increase in these 
cells afterward It appears, then, when we consider the blood picture before 
and after injection of pilocarpm m the other rabbits m this series, that the 
acidophilia m the animals which died may be regarded as indicating an 
existing vagotonj^ 

In order to learn how the erosions in the stomach developed, I examined 
this organ m twelve rabbits, all of which had received from 10 to 15 eg of 
pilocarpm and which died or were killed between two hours and eighteen days 
after the injection The erosions, which appeared as dark brown points or 
stripes, with more or less definite loss of substance, were found m all parts 
of the stomach, the number varying greatly even with the same dose of pilo- 
carpin The mucosa vas covered with a good deal of mucus m the animals 
examined about tvehe hours after the injection The first change seemed to 
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be a hemorrhage into the mucosa (Fig 1), cither superficial or extending 
down to the muscularis mucosae, but ah\a 3 s largest at the surface, these hemor- 
rhages were most often round and then rarelj' more than about 2 mm in diam- 
eter, at other times the hemorrhage was more linear, reaching a length of 1 cm 
at the most Corresponding to the extravasation there uould form, little bj lit- 
tle, losses of substance, which would be apparent as early as in two hours The 
extravasated blood underwent the usual changes, with the formation of a brownish 
pigment The lower part of the mucosa, w'htchwas not affected bj the extravasa- 
tion, had normal glands at the end of two hours At the end of fi\e hours the 



Fig 3 — Loss of substance extending almost to the muscularis mucosae, X 20 



Fig 4 — All blood pigment rcmo\cd, X 20 


defect was larger, and round cell infiltration and edema made their appear- 
ance around it (Fig 2) The defect now enlarged according to the extent 
of the primary hemorrhage In the same stomach there would be found after 
twentj-four hours both wdiollj superficial defects, nearly free from pigment, 
as well as narrow slits about to close, and larger losses of substance reaching 
almost down to the muscularis mucosae, the bottom of which still was covered 
with pigment About the defects would be ex'udate and fairh dense infiltra- 
tion with cells down into the submucosa In the bottom of the ulcer would 
be thrombotic vessels (Fig 3) After fortv -eight hours, the largest and deepest 
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erosion was observed, reaching almost down to the muscularis mucosae, all 
pigment being removed, the floor being formed by the deepest layer of the 
mucosa, the structure of which was no longer recognizable, inflammatory 
exudate and marked leukocytic infiltration extending through the submucosa, 
in which were thrombotic vessels The mucosa, which was edematous and 



Fig 5 — The mucosa seems to have spread out from both sides over the floor 
which lies on the muscularis mucosae, X 



Fig 6 — Showing newly formed glandular tubules at the bottom, X ^5 


infiltrated with blood about the erosion, had folded itself definitely over the 
margins (Fig 4) and the process appeared to have become arrested 

After seventy-two hours, the erosions clearly were about to heal They 
appeared smaller , the hemorrhagic crust was nearly all removed In the larger 
erosions the mucosa had spread itself over the bottom, in which were brownish 
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pjgment and leukocjtes (Fig 5) The smaller erosions were co\ered o\er, 
and their site indicated bj remnants of blood and pigment along the borders 
In two rabbits which were killed after six hours, erosions or scars could 
not be made out dcfiniteh, either macroscopicalh or microscopicallj , a third 
rabbit, however, presented a picture similar to that found after se\cnt}-two 
hours Of three rabbits which Ined ten dajs, one showed no erosion, another 
had a small scar-hke shrunken area in the larger cur\ature, shown micro- 
scopically to be a depression in the mucosa co\ered bj epithelium without 
crjpts, probably a scar after a deep erosion (Fig 6), the tliird rabbit showed 
several erosions, all healing, the process apparcntlj not haMng gone an> further 
than in animals which had Ined three to four days (Fig 7), in one animal 
which lived eighteen dajs there were no erosions or scars 

The extravasation of blood into the mucosa, which forms the begin- 
ing of the erosion, is produced by an irritation of the vagus, but this 
does not explain how the hemorrhage takes place That the cause is of 



Fig 7 — Zilucosa about to co\er the defect, X 45 


a vasomotor nature is not \er}^ likely the case, because the vessels of 
the stomach, so far as known, are inner\ ated only by the sympathetic 
It seems more likely that it concerns hemorrhages due to circulatory 
disturbances produced by contraction of the musculature of the 
stomach, especially the musculans mucosae, through wdneh the small 
\ essels to tlie mucous membrane pass The motor ner\ e of the stomach 
IS the vagus as w e know 

The loss of substance in the mucosa results from digestion of the tissue 
damaged by the hemorrhage, and the extent and depth of the loss depends on 
the extent of the hemorrhage The quantity of pilocarpin injected seems to 
ha\e no influence on the extent of the cxtra% asation It has been claimed that 
the injection of pilocarpin increases the secretion of the stomach, particularly 
the amount of free hydrochloric acid In order to determine whether such 
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factors play any role in the development of the erosions, I aspirated gastric 
juice before and from two to three hours after the injection The rabbits 
studied in this way were living on usual food, such as hay, cabbage and oats 
The gastric juice was aspirated through a thin catheter, and usually from 2 to 
6 c c was obtained each time In twenty normal rabbits I found the relation 
between free hydrochloric acid and total acidity to be on the average 64 105 
In eight rabbits the relation before injection of pilocarpm was 75 110, and 
from two to three hours after the injection it was 43 62 Later the relation 
was found to be variable While the erosions develop as early as two hours 
after the injection of pilocarpm, the hydrochloric acid, as well as the total 
acidity, diminishes considerably during the first two or three hours after the 
injection The stomach contents after the injection were nch in mucus, as 
stated, the mucosa was found covered with mucus at this time, it is, there- 
fore, probable that it is the increased secretion of mucus which reduces the 
acidity In any event, erosions undoubtedly develop even when the acid is 
reduced Two animals were given sodium bicarbonate before and one and a 
half and four hours after the injection, the gastric contents then did not con- 



Fig 8 — Hemorrhage into the mucosa without destruction of the surface 
epithelium , X 45 

tain any hydrochloric acid, which was also the case when the animals were 
killed SIX hours after the injection The usual hemorrhages were present in 
the mucosa but it was not possible to make out any loss of substance, and 
microscopically, the epithelium over the hemorrhagic area was well preserved 
everywhere (Fig 8) Hence, it may be concluded that without hydrochloric 
acid there would be no erosions, that is to say, no loss of substance 

The erosions we have been studying are undoubtedly of the same kind as 
those which occur after extirpation of the suprarenals The anatomic picture 
IS precisely the same Finzi and Mann believe that these erosions are the 
beginning of possible gastric ulcers Finzi cites five cases of gastric and 
duodenal ulcer in which he found changes in the suprarenal after death 
Friedman believes that some of the lesions which he observed would have 
healed in time, but that real ulcers might have developed on the basis of the 
lesions My own observations, particularly as regards the app^earance of the 
lesions, the fact that they never go deeper than the muscularis mucosae, and, 
finally, their marked tendency to heal, lead me to believe that they correspond 
to the hemorrhagic erosions seen in man As these erosions in man cannot be 
regarded as a regular preliminary stage for the development of typical ulcer. 
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it \\ould be un\\ arranted to conclude from the experimental and clinical obser- 
■vations at hand that ulcer of the stomach or duodenum results as a conse- 
quence of vagotom or \agus irritation 

HEMORRH^GIC EROSIONS 

Hemorrhagic erosions occur in the human stomach and also m 
the duodenum They are superficial, and, as the name indicates, the} 
usually have a hemorrhagic floor While it is true that there ma} be 
only a difference m degree between the simple erosion, especial!} if 
the hemorrhagic co\ering has been remo\ed, and acute ulcer, there 
rarely are any difficulties m deciding after death \\hether erosion or 
ulcer IS present I do not deny that Mann and Friedman ma} ha\e 
seen real ulcer develop on the basis of erosions, nor do I claim that an 
ulcer cannot dev^elop from an erosion All works on pathologic 



Fig 9 — Erosion m the human stomach Hemorrhage m the mucosa and 
beginning loss of substance , X 45 

anatomy treat hemorrhagic erosions as a peculiar process, which often 
is distinguished from postmortem changes onl} with difficult} , tne 
ideas as to their mode of origin and their relation to ulcer are div ided 
If the microscopic picture of a hemorrhagic erosion in the human 
stomach is compared with that of the lesions which develop in the 
stomach of the rabbit after injection of pilocarpm, there can be no 
doubt but that it concerns the same process (compare Fig 2 and Fig 
9) The question consequent!} arises whether hemorrhagic erosions in 
man also depend on v agus irntation 

Beneke" has discussed this question in connection with observa- 
tions of a large number of erosions studied after death in which he no 
doubt has included certain other conditions than hemorrhagic erosion 

7 Beneke R Ueber die hamorrhsgischen Erosionen des Hagers (stigmata 
ventncuh), \'erhanal d aeutsch path Gesellsch 12 2S4, 190.S 
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stnctly speaking He regards the thrombosis in the neighborhood of 
the erosions as being secondary, and advances the idea that the erosions 
depend on a transitory ischemia in the mucous membrane produced by 
reflex irntation of certain nerves, because he found that in a high per- 
centage of the cases there was disease of the central nervous system, 
and also because he found erosions m persons in whom the celiac 
ganglion might be injured by operation or peritonitis While one would 
be inclined to agree with Beneke in regarding the thrombosis as 
secondary, his theory of a local, brief anemia is not convincing To 
my mind, the primary lesion is a hemorrhage into the mucosa which 
reduces the vitality of the tissue Whether this hemorrhage can be 
referred to a primary irritation of the vagus in the case of man as well 
as m the case of rabbits is a question on which I shall try to throw light 
by means of certain cases I have gathered the cases of definite, 
unquestionable hemorrhagic erosions which I have observed m the 
course of the last two years in this institute As definite hemorrhagic 
erosions I regard larger or smaller superficial defects in the mucosa 
with a dark brown floor, which have developed during life, as shown 
by thrombosis, pigmentation and more or less round cell infiltration 
Hemorrhagic erosions of this sort have been observed m ten cases 
postmortem, five times in the stomach and m the duodenum Fifteen 
erosions were examined microscopically, thrombi were not always 
present, bacteria were not demonstrable, and the mucous membrane 
around the erosions was always normal without signs of gastritis 

SUMMARY OF CASES 

Case 1 — Man, aged 52, otitis media and diffuse meningitis, pulse, 120, 
died on day of admission to hospital 

Case 2 — Woman, aged 21 , otitis media , operation , death five days later 
with large abscess in cerebellum Pulse, at entrance, 88, day before death, 60, 
shortly before death, 120 

Case 3 — Man, aged 32, tuberculous meningitis, pulse 52, death 
Case 4 — Man, aged 37 , diffuse meningitis after otitis media , pulse, 88 , death 
Case 5 — Man, aged 25, miliary tuberculosis, marked meningeal symptoms, 
pulse from 88 to 100, death in four days 

Case 6 — ^Woman, aged 20, tuberculous meningitis, pulse increased gradu- 
ally during ten days from 104 to 140 

Case 7 — Man, aged 25 , in hospital two and a half months with tubercu- 
losis of the lung and of the hilum glands, the pulse, at first very slow, became 
suddenly rapid, choked disks 

Case 8 — Man, aged 56, had sarcoma m lymph glands with metastases m 
the pleura, died from asphyxia, pulse at first 100, at time of death, fourteen 
days later, 144 

Case 9 — ^Man, aged 24, pulmonary disease following influenza, the upper 
and middle lobes infiltrated, thrombi in right ventricle 

Case 10 — ^Man, aged 60, intestinal obstruction, pulse, 60, diffuse peritonitis, 
operation, death soon after, pleural empyema 
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COMMENT 

There can hardly be any question that m the first group of six 
cases of this senes irritation of the vagus was produced dunng the 
course of the illness which in ever)' case was situated in the brain or 
Its membranes In the second group of three cases the disease involves 
the chest, the lungs and pleura being the seat of infiltrating processes 
In Case 7 the % ery slow pulse, subsequently becoming rapid, indicates 
affection of the \agus In a case of cancer of the breast with metas- 
tases m the lung and pleura described by Lyder Nicolaysen,® there 
was infiltration of the -vagus and symptoms of vagus paralysis In Case 
10, one of peritonitis with emp) ema, it is possible that there may ha^ e 
been invohement of the nenes of the stomach in the abdomen as well 
as in the thorax, although the proof that such was the case cannot be 
supplied 

The vagus nerves and the ner\es of the stomach in these ten cases 
should have been examined microscopically, but the matenal was 
gathered onginally in the course of a study of ulcer of the stomach , 
It was only later that my attention w'as directed to the hemorrhagic 
erosions of the stomach m these cases The result of the study shows 
that in most of the cases in which hemorrhagic erosions were found, 
there had been irntation of the vagus or the possibility of such irrita- 
tion To conclude from these cases that hemorrhagic erosions ahvays 
result from irritation of the vagus does not seem warranted It is 
possible that in some of these cases it concerns a coincidence How- 
ever, Benke’s results and the pilocarpm experiments in rabbits favor 
the conclusion that vagus irntation may cause erosions Further 
studies of suitable matenal should be made and w'lth careful micro- 
scopic examination of the vagus 

8 Nicolaysen, Ljder Et Tilfalde av Vaguslammelse, Norsk Mag f 
Lagevidensk 77 948, 1916 



CLINICAL STUDIES ON THE RESPIRATION 

VI A COMPARISON OF VARIOUS STANDARDS FOR THE NORMAL VITAL 

CAPACITY OF THE LUNGS 

HOWARD F WEST, MD 

BOSTON 

As the clinical value of determinations of the vital capacity of the 
lungs becomes more clearly emphasized — in heart disease, in tuber- 
culosis, in aeronautics, etc — the problem of normal standards becomes 
increasingly important For the clinician, the standard should require 
as few and simple measurements as are consistent with reasonable 
accuracy 

Since the earlier studies on this subject, it has been recognized that 
healthy individuals vary considerably in the volume of air which they 
can expire after a full inspiration Age, sex, height, weight, the size 
and flexibility of the chest, muscular strength and physical training are 
factors which may singly or jointly affect the vital capacity As an 
example, trained soldiers, and especially athletes, tend to show higher 
vutal capacity readings than clerks of the same age, height and weight 
The probability, therefore, of finding a single standard for all classes 
of individuals that does not involve numerous measurements and com- 
plicated formulas, and that is at the same time not subject to rather 
wide variations is, to say the least, remote 

Since Hutchinson’s^ admirable studies in 1846, various methods of 
approach to the problem have been tried Hutchinson was the inventor 
of the spirometer, and his observations were unusually extensive and 
carefully made After studying various measurements of the body in 
nearly two thousand healthy individuals from various classes and 
occupations, he concluded that the vital capacity varied more closely 
with differences in height than with any other known variable Con- 
sequently, he adopted the following rule “For every inch in height 
(from five feet to six feet), eight additional cubic inches of air at 60 F 
are given out by a forced expiration ” 

Since this time the majority of workers have followed Hutchinson’s 
method of using the height as the factor in determining the vital 
capacity normal for each individual The method has been subject 
to much criticism on the basis that the individual variations for each 
height are too great, and numerous attempts have been made to sub- 
stitute other measurements and formulas Most of these have, how- 
ever, been equally unsatisfactory, and have not been widely used 

Three of the more recent contributions must be considered in some 
detail Peabody,- in his studies of the respiration, has demonstrated 

*Frorti the Medical Clinic of the Peter Bent Brigham Hospital and the 
Department of Medicine of the Harvard Medical School, Boston 

1 Hutchinson, Jonathan Med Chir Tr, London 29 137, 1846 

2 Peabody, F W The Harvey Lectures, 1916-1917, also. Am J M Sc 
155 100, 1918 
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the importance of reduction in the vital capacity as an index of the 
tendency to dyspnea in cardiac disease, and has emphasized the impor- 
tance of vital capacity determinations in diagnosis, prognosis and 
treatment He, with Wentworth, studying the vital capacities in a 
senes of 140 healthy persons, largely medical students and nurses, 
found that, according to their height, they fell into three groups for 
each sex, and the average vital capacity for each group was taken as 
the normal standard From ninety-six normal males, "Group I mcludes 
those who were 182 5 cm (6 feet) tall or over, and the normal 
standard computed was 5,100 c c Group II consisted of men between 
173 5 cm (5 feet, 81/2 inches) and 182 5 cm (6 feet) tall, and the 
average vital capacity, which was 4,800 c c , was taken for the normal 
Group III was comprised of persons whose height was between 173 5 
cm (5 feet, 81/2 inches) and 159 5 cm (5 feet, 3 inches) The normal 
standard for this group was 4,000 c c ” Of these ninety-six men, 84 
per cent were within 10 per cent of normal "The women were also 
subdivided into three groups according to their height Group I was 
composed of those who measured over 167 cm (5 feet, 6 inches) tall, 
and the average vital capacity was 3,275 cc Group II consisted of 
those who were from 162 cm (5 feet, 4 inches) up to and including 
167 cm (5 feet, 6 inches) The normal standard for this group was 
found to be 3,050 c c Group III was made up of persons from 154 5 
cm (5 feet, 1 inch) up to and including those who were 162 cm 
(5 feet, 4 inches) tall The standard vital capacity for this group was 
2,825 cc” 

Peabody and Wentworth^ also studied the relationship of the vital 
capacity to the body surface area in a small group of individuals, and 
finding a very close agreement, suggested that further studies on this 
line might be of considerable value 

Lundsgaard and Van Slyke^ in a series of eighteen normal men 
and women found that the vital capacity varied more closely with the 
calculated chest volume than with the height They determined the 
chest volume by making use of the following measurements "The 
height of the chest is taken as the length of the sternum from incisio 
intraclavicularis to a point just below articulatio sternoxiphoidea The 
depth IS then taken as the horizontal distance from the middle of the 
sternum at the insertion of the third rib to the spinal column, and the 
breadth is the distance across the sixth ribs in the midaxillary line ” 
The product of these figures taken with the chest at rest, the "middle 
chest volume,” gives a value which is "approximately proportional” to 
the real chest volume Certain precautions in taking these measure- 
ments must be observed, for the details of which the original article 

3 Peabody, F W, and Wentworth, J A Arch Int Med 20 '■443 (Oct) 

4 Lundsgaard, Christen, and Van Slyke, Donald R J Exper M 27 65, 
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should be consulted The average ratio, as found by Lundsgaard and 

Van Slyke, between the vital capacity and the middle chest volume 

^ c ( 100 X- chest volume ^ e n i 

was 45 — 7 = 45 ) The observations by which 

vital capacity ^ » v,n 

this value was determined included both the males and the females 

Since the determinations of the present report were made, Dreyer® 

has published an excellent study of normal vital capacity standards 

He shows that certain relations may be expressed, and arranges them 

in the order of their importance as follows 

‘T The vital capacity is a function of the weight This can be 

W” 

expressed in the formula y — ^ = K, where W is the net weight of 

the body expressed in grams, V C , the vital capacity expressed in 
cubic centimeters, and the power n is approximately %, though more 
accurately 0 72, and K is a constant As it is already established that 
W” 

== Kg where W = net weight, S = body surface, and the power n 

IS approximately % though more accurately 0 72, it follows that the 
vital capacity is a simple fnnctton of the body suiface In other words, 
that the smaller and lighter individual, with his relatively larger sur- 
face, has a greater vital capacity per unit of body weight than the 
larger individual 

2 The relation between the vital capacity and stem length can be 

V C 

correctly expressed by the formula — - = K3 where A = stem length 


in centimeters, V C = vital capacity in cubic centimeters, the power n 
IS approximately 2, and Kg is a constant 

3 The relation between vital capacity and cn cnmfei ence of chest 

Ch” 

can be expressed by the formula y K4 where Ch = circumfer- 


ence of chest expressed in centimeters, V C = vital capacity expressed 
in cubic centimeters, the power n is approximately 2, and K4 is a 
constant A X Ch 

4 Finally, y ^ — = Kg where A = stem length in centimeters, 

Ch = circumference of chest in centimeters, V C = the vital capacity 
in cubic centimeters, and Kg is a constant ” 

In applying these formulas, Dreyer found that the limit of error in 
the relation between the body surface and the vital capacity was com- 
paratively slight, but becomes progressively greater in the succeeding 
formulas He discards standards based on the height alone as being 
subject to too wide individual variations 

W° 

The formula —77- = K is that of Meeh modified to — ^ = K in 


earlier studies of Dreyer with Ray and Walker® as being more nearly 
correct for determining the area of body surface 


5 Dreyer, Georges Lancet 2 227 (Aug 9) 1919 

6 Dreyer, Ray and Walker Proc Roy Soc Med , Senes B 86 39, 56, 1912 • 
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It IS suggested that the other formulas, though showing greater 
inaccuracies, may be of considerable value in determinations in 
pathologic cases where the weight has become abnormal 

The average value of the constant K m the formula, y q = K? 

determined in Dreyer’s series of sixteen carefully studied persons was 
found to be 0 380 when the power n is taken as % and 0 690 if 0 72 
IS taken as the value of n 

Professor Dreyer carefully points out, however, that there is a 
variation in the value of K if groups of individuals are studied whose 
nature of life and habits are distinctly different This variation has 
previously been mentioned and suggests that m applying such standards 
for comparison of vital capacities, values must be determined for the 
various important classes of individuals and that these must be revised 
as conditions of life change in order to maintain a high degree of 
accuracy 

Lundsgaard and V an Slyke and Dreyer have shown the importance 
of vital capacity measurements in studying cases of pulmonary tuber- 
culosis and their value in diagnosis, in prognosis and m gaging the 
effect of treatment 

The observations reported in this paper were undertaken for the 
purpose of applying various standards to the same group of individuals 
so that the variations in these standards might be compared 

The eighty-five men were nearly all members of the first year class 
in the Harvard Medical School, and were unselected, except that all 
were free from pulmonary or cardiac disease They showed rather 
wide variation in physical type, from the habitually sedentary student 
to the college athlete They, therefore, represent fairly well the 
average young men of their age seen in every-day life The women 
were nearly all nurses from the Peter Bent Brigham Hospital, and 
were somewhat more carefully selected in that all were required to 
pass physical examinations before being admitted to the training 
school No further selection than this was made 

The following measurements were recorded Age, height m cm 
without shoes, weight in kg without clothes, chest volume by the 
method of Lundsgaard and Van Slyke, and the vital capacity in cc 
The latter was determined with the simple calibrated cylindrical 
spirometer of about eight liters capacity as described by Peabody 
Several trials were allowed, a minimum of three, and the largest 
expiration recorded was taken as the vital capacity From the height 
and weight the surface area was computed by the formula of DuBois 
and DuBois,'^ area (sq cm ) = wt o ^t « 725 yi 34 ^ weight 
being in grams and the height in centimeters The formula has been 

7 DuBois, Delafield and DuBois, Eugene F Arch Int Med 15 868 Pt 2 
(June) 1915 ’ 
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shown to be more accurate than Meeh’s formula — g- = K In order 

to eliminate extensive calculations, DuBois and DuBois have published 
a graphic chart by which the surface area can readily be determined 
if the height and weight are known This method was used 

The data on the men and women were kept separate, and are tabu- 
lated m Tables 1 and 2 Values for the direct ratio between the vital 
capacity and height were computed and the average for the men was 
found to be 26 5 Since there is a comparatively large number of men 
with athletic training in the group who have unusually high vital 
capacities, the value 25 was arbitrarily chosen as being for practical 
purposes near to the normal of the average individual And further, 
since all known pathologic conditions affecting the vital capacity do 
so by reducing it (witness heart disease and tuberculosis) it is much 
better to have standards which err in relation to high normals than 
to low normals The data on the normals of Dr Peabody were made 
available, and the average for the same ratio in his men was found 
to be 26 3 For the women the actual average was 20 6 The value 20 
was assumed as the standard Using 25 1 as the ratio for men and 
20 1 as the ratio for women, 63 per cent of the combined groups 
(129 persons) were seen to have vital capacities within 10 per cent 
of the assumed normal Only 5 per cent of the group fell below 
90 per cent of the normal The remaining 22 per cent were higher 
than normal and were chiefly represented by those individuals having 
athletic training 

Using Peabody’s group standards, 54 per cent of the combined 
groups had vital capacities within 10 per cent ' of the normal and 
10 per cent of the remainder were below 90 per cent It is interesting 
that Peabody found such a close agreement in his series, using these 
standards However, there are obvious objections to this method 
which those who have used the standard have undoubtedly discovered 
The chief of these is the wide differences found m individuals whose 
height places them at the extremes of the various groups For instance, 
a man 174 cm tall, by this method should have a vital capacity of 
4,800 c c , while a man 173 cm tall would be expected to have a vital 
capacity of only 4,000 c c In addition, the method is complicated and 
the various values are hard to remember 

The average value for the chest volume ratio was approximately 
63 for the men and 56 for the women With these values as standards, 
69 per cent of the combined groups were found to have vital capacities 
between 90 and 110 per cent , while 21 5 per cent were below 90 per 
cent On the other hand, when the value for the ratio adopted by 
Lundsgaard and Van Slyke (45) was used as the standard, only 8 per 
cent of the 129 persons had vital capacities within 10 per cent of the 
normal and 81 per cent were over 120 per cent of the normal 
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Finally, we find that the most consistent relationship exists between 
the vital capacity and the area of the body surface The actual average 
for the men was 2 61 L per sq m of body surface, and for the 
women 2 07 L per sq m , 2 5 L per sq m and 2 0 L per sq m were 
chosen as more convenient standards and as in the height ratio giving 
slightly less influence to the presence of the unusually high vital 
capacity found in some of the individuals observed By these stand- 
ards 71 per cent were found to have vital capacities within 10 per cent 
of the normal and only 5 5 per cent were below 90 per cent It was 
interesting and gratifying to discover that when the formula of Dreyer, 
WO 72 

- = K) was used later, and the values for K were taken as the 

averages found in these two groups (in eighty-five men K = 0 632 , in 
forty-four women K = 0 807), almost identical results were obtained, 
the number having vital capacities within 10 per cent of the normal 
by this method being only about 2 per cent less than when the formula 
of DuBois and DuBois was used 

In the accompanying chart curves have been constructed showing 
these results in graphic form The ordinates represent the number of 
observations as expressed in per cent of the combined groups, men 
and women, the abscissae represent the relation in per cent to the 
various standards, the normal given as 100 per cent 

In Table 1 the asterisk before the initials indicates those men who 
have done more than the usual amount of athletic work This con- 
sisted chiefly in high school and' college foot ball, basket ball, track, 
base ball, swimming, rowing, etc It is to be noted that all of the men 
having vital capacities of more than 5,300 c c are of this group Six 
men having vital capacities of more than 5,000 c c but not more than 
5,300 c c gave no history of unusual athletic training For this trained 
group the average values for the various ratios may be seen m Table 3 
They are noticeably higher than the averages for the whole group 
No particular reason was found for the few vital capacities that 
were considerably lower than the general average 

From these data, as well as from the work of Dreyer, it would 
appear that the most accurate method for calculating the normal vital 
capacity for an individual is from a standard based on the surface 
area In using a value for this standard, whether as expressed in c c 
per square meter of body surface or an arithmetical value as a con- 
stant as in the formula W° 

Y ^ = N, It would seem that allowance must 

be made for the past physical training and experience of the individual 
Professor Dreyer’s tabulation of the observations of Hutchinson on 
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standards used The group falling on the abscissa 90 110 m,-! a 
viduals whose vital capacities fell ivithin 10 per ccnt^f the noraal 


316 


ARCHIVES OF INTERNAL MEDICINE 


this basis IS the most complete comparison of this type so far available 
It IS to be hoped that similar extensive observations of the more 
important groups representative of the habits of life of the present 
day may soon become available In addition, it is very desirable that 
more observations be made on elderly individuals, for age apparently 
reduces the vital capacity to an appreciable extent 


TABLE 3 — Summary of Ratio Values 



Men 

Women 

Athletes 

Vital capacity height 

25 0 

20 0 

29 0 

Vital capacity body surface area 

25 

20 

28 

100 X vital capacity chest volume 

63 0 

560 

670 

072 

0 632 

0 807 

0 591 

V 0 





0 350 

0 450 

0 326 

V 0 





For quick clinical work, where it is not practicable to obtain the 
net weight of the patient nor to make extensive measurements, a 
simple comparison between the vital capacity and the height will give a 
value which will closely approximate the normal for that individual, 
though individual variations by that method are greater than when 
the surface area is used According to the chart, however, it is seen 
that practically the same number of low values were found by the two 
methods While the greatest proportion of vital capacities studied 
were within 10 per cent of the normal, too much weight should not 
be given to single determinations, unless a variation of more than 
15 per cent from the chosen standard is obtained 

SUMMARY 

A group of 129 persons are studied for the purpose of comparing 
various standards for determining the normal vital capacity 

A standard based on the body surface area is advised, since it has 
been shown that the vital capacity varies with this function more 
uniformly than with others tried 

When the weight of the patient cannot be obtained, a standard 
based on the height is recommended 

I desire to express my appreciation to Miss B I Barker and Dr T D 
Cunningham for their valuable assistance m accumulating and compiling the 
data used m these observations 











EXPERIMENTAL DETERMINATION OF THE INFLUENCE 
OF ABNORMAL CARDIAC RHYTHMS ON THE 
MECHANICAL EFFICIENCY OF 
THE HEART 

J A E EYSTER, MD, and EDITH C SWARTHOUT, MD 

MADISON, WS 
INTRODUCTION 

The occurrence of an abnormal cardiac rhythm clinically involves 
two important and essentially different considerations First, the 
information it may give as to the general pathologic condition of the 
heart and the prognosis of the disease, and second, the mechanical 
influence it exerts on the pumping action of the heart The normal 
heart beat, in which there is a regular succession of auncular systoles 
within certain rates, each of which is followed after a definite interv^al 
by contraction of the two ventncles, is best adapted to the function of 
the heart as a pump An3^hing which seriously interferes with the 
normal rate or coordination of beats, interferes, to a certain extent, 
with the mechanical efficiency of the heart An excessn e rate of con- 
traction, even though the regularity and coordination of beats is main- 
tained, reduces the amount of blood pumped by the heart by shortening 
and rendenng insufficient the penod during which the ventricles fill 
with blood from the auncles ^ 

It IS interesting to note in this connection that owing to the rapid 
period of ventncular filling immediately following ventricular systole, 
considerable increase in heart rate may occur without serious reduction 
of the amount of blood entering the ventncles dunng diastole There 
IS thus made possible a considerable increase of cardiac output per unit 
of time with increase in rate of contraction With a rate beyond cer- 
tain limits, however, the period of rapid filling is incroached on and 
the output falls This is evident clinically m cases of paroxysmal 
tachycardia in w^hich the rhythm is regular and each beat may be of 
an entirely normal character, but owing to the very rapid heart rate, 
the output per unit of time is decreased The systolic arterial pressure 
falls and the venous pressure rises - This change is also evident by 
the venous engorgement (cyanosis, liver enlargement, lar}mgeal edema, 
etc ) w'hich may occur in prolonged attacks 

*From the Department of Phjsiologj of the University of Wisconsin 

1 Henderson Am J Physiol 16 325, 1906 

2 Hooker and Eyster. Bull Johns Hopkins Hosp 19 274, 1908 
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Of greater importance in their relation to cardiac disease in gen- 
eral, however, are those more severe and less transitory affections 
which involve not only the rate, but also the coordination of the beat, 
and which are usually, but not always, accompanied and preceded by 
valvular disease and more or less myocardial injury These comprise 
extrasystoles, auricular flutter and fibrillation, partial heart block, and 
idioventricular rhythm in complete auriculoventricular dissociation In 
partial dissociation, the reduction in ventricular efficiency is due merely 
to the slow ventricular rate Auncular fibrillation is equivalent to 
auncular paralysis, so far as the pumping action of the auricles is 
concerned, and the decrease in pumping capacity of the ventricles is 
due, at least in part, to their increased rate 

Another factor seems to play a role m this case, however, namely, 
the prematurity of many of the ventricular beats, as will be discussed 
later in more detail The other types involve disturbances m the 
coordination between auricular and ventricular contraction The role 
that the auricular contractions play in the normal rhythm in filling the 
mammalian ventricle has been investigated by Henderson,^ Straub® 
and Gesell ^ The last mentioned investigator differentiated between the 
influence of the absence of auricular contraction and the influence of 
interference produced by auricular contractions occurring ihcoordi- 
nated with ventricular systoles The methods were, first, abolition of 
auricular contractions by produpmg auricular fibrillation, and second, 
the influence of auricular systoles in their time relations to ventricular 
systole during experimental complete heart block with a ventricular 
rate maintained by rhythmic stimulation The cnterion used was 
mean artenal blood pressure Gesell obtained changes m blood pres- 
sure amounting to 55 per cent of the pressure in the absence of 
auricular contractions by gradually shifting the time relations of 
auricular contractions with respect to ventricular contractions With 
an independent ventncular rate, abolition of the auncular contraction 
causes a reduction of artenal pressure amounting to from 10 to 15 per 
cent It IS, therefore, evident that disturbances in cardiac rhythm, 
involving absence or incoordination of the aunclar contractions, must 
involve a reduction in the pumping efficiency of the heart 

In recent years there has been much interest in abnormal cardiac 
rhythms This interest has been mainly, however, in reference to 
their causes, diagnosis, prognosis and relation to other cardiac con- 
ditions So far as we have been able to find, there has been only one 
study made as to their mechanical effect on the circulation, and this 

3 Straub J Physiol 11 378, 1910 

4 Gesell Am J Phjsiol 29 36, 1911 
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only in reference to one type of abnormal rhythm Lewis** studied the 
influence of auncular fibrillation on cardiac output, mean arterial 
pressure and venous pressure in cats and dogs He found a decreased 
cardiac output, with usually a fall of arterial and rise of venous pres- 
sure, and ascnbed the change entirely to the abnormal ventricular rate 

The experiments described m the present work were undertaken to 
determine under experimental conditions the influence on the pumping 
efficiency of the heart of the various types of abnormal cardiac 
rhythms that occur clinically The abnormal rhythms studied were 
frequent ectopic beats, auncular flutter and fibrillation and partial and 
complete aunculoventricular dissociation 

^ METHODS 

Dogs were used exclusivel} The animals were etherized and the 
thorax opened under artificial respiration The ventricular output was 
measured by means of a plethysmograph connected with a balanced 
piston recorder Mean arterial pressure from the femoral artery was 
recorded by a mercury manometer Ectopic beats (extrasystoles) were 
produced by induction shocks applied to the auricles and ventricles 
during early diastole at rhythmic intervals (after every fourth or 
eighth normal beat) by means of the stimulus selector described by 
Hirschfelder and Eyster ° Auricular flutter and fibrillation were 
induced by faradic stimulation of the right auricle, and auriculo- 
ventricular heart block was produced by heating the region of the 
aunculoventricular node and upper part of the bundle by a thermode 
applied through the nght auncular appendage 

EXPERIMENTAL RESULTS 

Ext} asystoles — So far as the mechanical efficiency of the heart ib 
concerned, it is important to consider that an extrasystole is practically 
always a premature beat, or occurs at a shorter interval of time after 
the preceding normal beat than usual, and that it is followed by a 
compensatory pause Owing to the fact that it is premature, with a 
reduced diastole period during which the lentncle receives its com- 
plement of blood. It is a more or less deficient beat as compared to 
the normal With extrasystoles we have, therefore, the replacement 
of a certain number of normal cardiac systoles by less efficient con- 
tractions 

The influence of auricular extrasystoles every fourth, eighth and 
sixteenth beat on cardiac output and arterial pressure is summarized 
in Table 2 The a\erage eftect was somewhat greater the more fre- 
quent the extrasystoles, but in most cases was relatively small and in 


5 Lewis J Exper M 16 395, 1912 
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certain individual cases probably within the normal variations of 
cardiac output In several instances there was a slight increase above 
the normal, probably again within normal variations of output 


TABLE 1 — Examples of Typical Experiments 



Auric- 

Ventric 

Ventricular 

Per- 

1 

Mean 

Per- 

Character of Ehythm 

ular 

ular 

Output per 

centage 

Artenal 

centage 


Bate 

Rate 

Minute 

Decrease 

Pressure 

Decrease 

Normal 

16.« 

168 

2020 8 


106 


Auricular fibrillation 


180 

708 48 

79 6 

68 

352 

Normal 

168 

168 

2252 88 


102 


Normal 

186 

186 

1217 66 


60 


Auricular fiutter 

348 

174 

926 50 

34 9 

49 

18 0 

Normal 

180 

180 

1197 72 


60 


Normal 

mM 

138 

18816 


70 


Auriculoventrieular heart beat 2 1 


72 

1144 08 

39 2 

44 

371 

Normal 

■■ 

132 

2079 84 


76 


Normal 

Auriculoventncular heart beat com 

138 

138 

18816 


70 


plete 

126 

36 

652 2 

653 

46 

34 3 


TABLE 2 — Summary of All Experiments 


Character of Rhythm 

No of 
Obser 
vations 

Percentage Decrease m 
Cardiac Output 

Percentage Pall in 
Blood ftessure 


Average 

Variations 

Average 

Variations 

Extra systoles every 4th to 
8th beat 

8 

69 

-1-3 7 to —11 2 

0 


Extra systoles every 16th 
beat 

Auricular fiutter 

2 

15 

0 

15 6 

-f 8 to —34 9 

0 

15 2 

-f 8 to —40 

Auricular flbnllation 

7 

40 6 

15 2 to 79 6 

34 8 

25 to 65 

Auriculoventrieular heart 
block, partial (2 1) 

4 

44 0 

39 2 to 50 

33 0 

30 to 37 1 

Auriculoventrieular heart 
block, complete 

13 

606 

58 4 to 65 3 

39 4 

26 3 to 52 


Theoretically, the degree of mechanical influence -of extrasystoles 
would depend upon their number and on their prematurity Further- 
more, ventricular extrasystoles, because of the absence of or interfer- 
ence with auricular contraction and possibly because of atypical ven- 
tricular systoles, would be expected to produce a somewhat greater 
mechanical influence than an equal number of auncular extrasystoles 
Attempts were made to obtain the same incidence of the extrasys- 
toles in the different experiments, but we have not studied vanation 
of incidence, nor have we combined ventricular with auricular extra- 
systoles 

Auuctdar Flutter and Fihi illahon — Stimulation of the right auricle 
by rapidly increasing induction shock leads, as is well known, to flutter 
or fibrillation of the auricle The former type of rhythm is character- 
ized by a very rapid but coordinated contraction of the auricle, in the 
latter coordinated auricular beats are replaced by incoordmated seg- 
mental contractions of different muscular bundles of the dilated auncle 
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and the condition is equivalent to auricular paralysis In either case 
the ventncle follows the abnormal auricular rhythm m an irregular 
manner and shows both irregularity in rhythm and in size of contrac- 
tion. (totally irregular pulse or pulsus irregularis perpetuus) Aside 
from the rapid ventricular rate, many of the beats are quite premature 
in character, and these not infrequently occur in a series of several 
ventricular beats followed by pauses which may be even longer than 
normal cycles Especially m auricular fibrillation, many of the ven- 
tricular beats are so premature that the intraventricular pressure does 
not rise sufficiently to open the semilunar valves, and from the pumping 
standpoint are therefore totally inefficient Experimentally, one may 
secure auricular tachycardia, flutter and fibrillation in most experi- 
ments by successively increasing the rate of auricular stimulation 
With a rate of stimulation less than 250 per minute, each -auricular 
contraction is usually followed by a ventricular contraction in the usual 
manner Increasing the rate of stimulation may lead to an auriculo- 
ventricular heart block with the auricles beating twice as fast as the 
ventricles, or more frequently the impulses are conducted irregularly 
to the ventricles and an irregular ventnculai rhythm occurs Increas- 
ing the rate, especially if also the strength of the stimulus is increased, 
leads usually to auricular fibrillation, with, as a rule, an increased 
irregularity of ventricular contractions 

The experimental results of auricular flutter on cardiac output 
show considerable variation in the diflferent trials In a few there was 
actual increase in output, but the majonty showed a decrease, reaching 
a maximum of 349 per cent of the normal, as shown in the accom- 
panying illustration In the former, the ventricular rates were usually, 
but not always, lower than when a decrease occurred The factors that 
should be considered as entering into the production of a decreased 
ventricular output in auricular flutter are (1) the degree of increase 
of ventricular rate, (2) the proportion of premature ventricular beats, 
and (3) the interference effects produced on ventricular fillings by 
the auricular systoles Variations m the operation of these different 
factors no doubt explain the difference m degree of decrease of output 
produced 

Auricular fibrillation consistently decreased cardiac output, and the 
effect was in most cases much greater than in auricular flutter It is 
important to note that this was not the result of a more rapid ven- 
tricular rate in fibrillation than m flutter, and to explain the greater 
effect in the former we must assume a larger proportion of premature 
and abortive beats or ascribe an important difference in the influence 
that auricular tachysystole and auricular paralysis exert on ventricular 
filling The larger proportion of abortive ventricular beats in auncular 



llilli.ilii 



Experimental auricular fibrillation The top record records the contraction of the right auricle The second 
record is made by a ventricular cardiometer, the downstroke representing systole The third record is mean arterial 
blood pressure from the femoral artery The fourth and fifth records are those of the signal pen and time marker 
(one second intervals), respectively During the period marked by the signal pen, auricular fibi illation was induced 
by faradic stimulation of the light auricular appendage The record is to be read fiom left to right 
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fibrillation is usually very evident on inspection of the tracings, but 
why impulse conduction to the ventricle in auricular fibrillation should 
be more irregular than in auricular flutter is not entirely clear 

There are probably at least three factors acting in auricular flutter 
and fibrillation to decrease ventricular output (1) an increase in ven- 
tricular rate beyond the optimum, (2) the presence of a variable 
number of premature and abortive beats, and (3) auricular interfer- 
ence or paralysis That the first factor is not the sole one is shown by 
the fact that the decrease in output is not proportionate to the increase 
in ventncular rate 

Study of the tracings would seem to indicate that the mam factor 
IS ventncular irregularity and the presence of abortive and premature 
ventricular systoles Auricular fibrillation is diaracterized particfllarly 
by the large proportion of inefficient ventncular beats (pulse defi- 
ciency) The third factor, auncular interference in flutter and 
auricular paralysis m fibrillation, must also play a considerable role 
This influence is exerted on ventricular filling and probably has a 
different proportionate influence with different ventncular rates A 
more rapid auricular rate in flutter would presumably tend to increase 
the probability of interference 

Auncula) Ventncular Heaitblock — In partial heartblock, the 
decrease m mechanical efficiency is due entirely to the slow ventricular 
rate In complete block, an additional factor has to be considered, 
namely, the absence of the normal influence of the auricular contrac- 
tion on ventncular filling Some of the auricular contractions must be 
so placed as to actually produce interference with filling Due to the 
slow ventricular rate in each case, it is found, however, that the filling 
IS probably more complete than normal, since the output per beat is 
actually greater than in normal rhythm The decrease in minute 
volume output is, therefore, due to the slow rate of contraction of the 
ventricle In both partial and complete aunculoventncular block the 
reduction in volume output was approximately proportional to the 
percentage reduction in the ventricular rate The effect was greater 
in partial block and the former shows the greatest average reduction 
of any of the abnormal types of cardiac rhythm 

Changes in Mean Aitenal Pressure — With a moderate degree of 
decrease in output, there is an approximately proportionate fall in 
mean blood pressure When the output is markedly decreased, as m 
auricular fibrillation and heartblock, the fall in pressure is frequently 
considerably less than the decrease in output, indicating the occurrence 
of compensatory factors 
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CONCLUSIONS 

1 Frequent extrasystoles (occurring every fourth to eighth cycle) 
, occurring m an otherwise normal cardiac rhythm have little influence 

in reducing the mechanical efficiency of the heart 

2 Auricular flutter and fibrillation produce a variable reduction in 
the volume output of blood from the ventricles, depending on the 
degree of development of the abnormal rhythm The effect in fibrilla- 
tiion IS greater than m flutter, and is mainly due to the irregularity of 
the ventricle and to the high percentage of premature and abortive 
ventricular beats, rather than to the fast ventricular rate 

3 Partial and complete auriculoventricular dissociation produce a 
marked reduction in ventncular output, due to the abnormally slow 
ventricular rate In complete dissociation the reduction m mechanical 
efficiency is usually greater than in any other type of abnormal rhythm 

4 The mean artenal pressure tends to fall as the ventricular out- 
put is reduced, but not to the same degree as the output when this is 
much affected, indicating the occurrence of compensating factors 
tending to maintain an approximately normal arterial pressure 



ON THE PLATELET COUNT AND BLEEDING TIME IN 
DISEASES OF THE BLOOD 


H. C GRAM, MD 

COPENHAGEN 

The blood platelets, the third corpuscular element of the blood, 
have since the fundamental work of Bizzozero, been the object of 
many researches, the results of which, in bnef, are the follomng 

1 The platelets are a normal element of the blood of great impor- 
tance for coagulation and thrombosis 

2 The place of origin of these bodies is not known with absolute 
certaint}-, although most authors believe m Wnght s theor}’-, that traces 
their descent to the megakar}*oc 3 ’tes of the bone marrow 

3 The platelet count normally varies more than does the number 
of red and white cells 

4 The platelet count is low in genuine, idiopathic purpura, and 
m certain diseases of the blood and infections (pernicious anemia and 
ti'phoid) 

5 When tiie number of platelets falls below certain values, the 
symptoms of a hemorrhagic diathesis occur 

The methods for counting the platelets hitherto published, all use 
blood from a skin pnck and may be divided in two groups 

1 Direct count in dilutions after the ordmari’ hemoc}i;ometric 
principle, but using special liquids (Ha\em, Afanassiew, Wnght, 
Kmmcutt, etc ) 

2 Indirect count, in vhicli the relation of platelets to erythrocytes 
IS counted m a vanable dilution with a fixing liquid, thus avoiding 
the use of pipettes (Kemp, Brodie and Russell Pratt, Fonio etc ) 

Different authors ha\e estimated the normal platelet count as 
between 200,000 and 800 000 per cmm all how^ever, agreeing that 
the botmdar}' lines of the normal must be placed rather widely apart 

In 1918, Oluf Thomsen^ introduced a new technic for the enumera- 
tion of the platelets which makes this procedure infiniteh' more 
reliable than preMOusly 

The technic in brief, is as follows - 

*From the medical dime of the Copenhagen Unuersitj , Prof Knud Faber 

1 Hospitalstid 62 161 fFeb 5) 1919 

2 The procedure described is slighth modified from the original method of 
Thomsen 
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In a 5 c c ‘centrifuge tube, graduated in one-tenth c c , measure 
0 5 c c of a 10 per cent sodium citrate solution By venepuncture 
with a sharp, not too narrow, needle 4 5 c c of blood are run down 
into the citrate solution and mixed with it by corking and shaking 
The blood adhering to the cork is wiped off with a piece of cloth or 
filter paper, and the tube is left to stand for about an hour 

In all cases, except severe polycythemia, the red blood cells, and 
most of the white blood cells, have been precipitated so as to leave a 
layer of turbid plasma contmmng the platelets m a homogeneous and 
veiy stable suspension, which does not undergo any change for at 
least five hours A small quantitiy of this mixture is drawn off with 
an ordinary white blood cell melangeur, and diluted in the proportion 
of 1 20 with a solution containing 9 o/oo sodium chlorid and 2 ®/oo 
liquor formaldehydi, possibly also a small quantity of brilliant cresyl 
blue to stain the platelets 

The technic of Ellermann and Erlandsen, necessitating the use of 
separate pipettes for “blood” and diluting fluid, is to be recommended 
(Ugesk f laegei , No 6, 1912) 

A drop of the plasma dilution is placed in the ordinary closed 
counting cell of Thoma (Burker’s and other open models must not be 
used on account of the evaporation) 

In the dilution, the platelets sediment readily, and may be counted 
after standing from one-half to one hour The platelets show as small 
refractive bodies of a blue color at low focus 

By counting ten large squares and dividing the total with two, the 
number of platelets in thousands contained in 1 c mm of citrated 
plasma is found 

When the relation of citrated blood and the volume of the blood 
cells are known, the platelet count per c mm of blood may easily be 
calculated 

According to Oluf Thomsen, the precipitate, on centrifuging the 
blood for ten minutes at 2,000 revolutions per minute, still contains 
5 per cent of plasma This value I have found a little low, since 
centrifuging for fifteen minutes, at 3,000 revolution per minute, still 
leaves from 5 to 10 per cent of plasma among the cells 

In the determinations that I have carried out, the precipitate after 
one and one-half hour of centrifuging, which conforms very nearly 
v ith the hematocrit results, have been used as a measure for the bulk 
of the blood cells 

The calculation of the platelet count is then made from the follow- 
ing formula or by multiplying with a constant calculated for each 
value of the precipitate 


Platelet count 


(citrated blood — precipitate) \ platelets per c n’m plasma 
Citnted blood — citrate 
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The error caused by an inaccurate determination of the cell volume 
IS not large, as is shown by the following example 


Citrated blood= 


0 5 

Ts 


(a) precipitate after 15 minutes’ centrifuging 2 cc 

(b) precipitate after V /2 hours’ centrifuging 18 cc® 


Counted 500,000 platelets per c mm citrated plasma 


Platelet count calculated by 


(a) 333,000 per c mm 

(b) 355,000 per c mm 


The results of counts in double specimens and in the same plasma 
after varying times have convinced me of the reliability of the method 
Within five hours from the taking of the blood there is no loss of 
platelets from sedimentation In clean punctures, with good needles, 
the platelets never adhere to the other blood cells Small bore needles, 
such as are used for hypodermic syringes, cause agglutination of the 
platelets, therefore, must never be used The few leukocytes found in 
the counting cell must not show adhering platelets 

The research that I have carried out was made on mixed material, 
consisting of hospital patients in the wards of the Rigshospital and 
other Copenhagen hospitals 

Consequently, the difficulties in drawing the boundary lines of the 
normal may be somewhat greater, but the conclusions seem to me to 
be more valuable than those to be drawn from an examination of a 
necessarily smaller number of absolutely normal persons In 122 indi- 
viduals, with seemingly indifferent diseases, 179 examinations were 
made, and the platelet count varied between 200,000 and 500,000 per 
c mm of blood 

If we arrange these results in groups of 50,000 we find the 
following 


TABLE 1 — Normal Platelet Counts 


Platelet Count 

Number ot 

1 

Number of 


1 Examinations 

Persons 

200.000- 250,000 

251.000- 300,000 

21 

10 

22 

IG 

301,000-350,000 

38 

34 

351,000-400,000 

48 

38 

401,000-450,000 

37 

33 

451,000-500,000 , 

13 

10 

Total 

179 

122 


The majority of the determinations show platelet counts between 
300,000 and 450,000 per c mm 

Before giving the results of the platelet count in cases of blood 
disease, I would mention the fact that a slightly diminished number 
of platelets was found in one case of acromegaly, but not m two other 


3 Red cells, 5 , 62,000,000 per c mm 
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cases, and m one case of typhoid fever (third week), but not in two 
other cases (first and second week, respectively) Counts above 
500,000 were found irregularly m the course of some acute infections 
In accordance with other observers I found the platelet count 
normal in two^ cases of hereditary hemophilia and slightly elevated in 
a third case, showing a pronounced simple anemia 

In one case of hemolytic icterus with blood alterations of the 
pernicious type, the plate count showed very low normal values, once 
even less than 200,000 


TABLE 2 — Hemophilia 


Number 

Date ! 

Platelets 

Hemo 
globm 
per Cent 

Hed 

Blood CeUs, 
Millions 

Color 

Index 

White 

Blood 

Cells 

Bleeding 

Time, 

Minutes 

1 

4/23 

402,000 1 

87 

514 

084 

6,100 

2 


5/27 

457,000 

91 

519 ' 

1 

0 88 

7,200 

3 

2 

5/27 

394,000 

93 

5 24 ! 

0 89 

6,400 

8 

3 

6/26 

528,000 

69 

4 65 

066 

9,100 


^ i 

1918 

1 





3 


TABLE 3 — IcTERLS Hemolyticus 


Number 

Date 

Platelets 


Red 

Blood Cells, 
Millions 

Color 

Index 

White 

Blood 

Cells 

Bleeding 

Time, 

Minutes 

1 

5/31 

213,000 

44 

199 

1 11 

6,200 

3 


6/ 6 

216,000 







6/12 ! 

230,000 

50 

2 03 

1 23 

4,500 


1 

6/30 

186,000 

1 

48 

i 

2 30 

1 02 1 

1 

4,800 

6 


As simple anemias I have classed those cases in which the hemo- 
globin percentage was less than 70 (100 per cent hemoglobin = 18 5 per 
cent oxygen capacity), in which the colorimetric index was less than 
1, and in which there were no signs of any other disease of the blood 
In twenty-one such patients (six cases of cancer, seven of anemia 
due to hemorrhage, and eleven obscure simple anemias) I have carried 
out twenty-seven platelet enumerations 

Thirteen determinations made m eleven patients were normal, 
rather high values, while fourteen determinations on ten patients 
showed increased counts The platelet counts observed in some cases 
were over 1 million per c mm 

No constant relation between the platelet count and the cause or 
degree of the anemia could be traced, but, possibly, the result may be 
of some prognostic value, a high platelet-count indicating a better 
regenerative power of the bone marrow 

The results in pernicious and pernicious aplastic anemia are shown 
in Table 4 
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Of the sixteen cases tabulated, fourteen were typical genuine 
pernicious anemia, while two (numbers 8 and 9) belonged to a more 
aplastic type As the latter both died and the postmortem confirmed 
the diagnosis, I feel safe in ranging them in here 


TABLE 4 — Pernicious Anemia 


Number 

Date 

Platelets 

Hemo- 
globin 
per Cent 

Bed 

Blood Cells, 
Millions 

Color 

Index 

Bleeding 

Time, 

Minutes 

1 

12/29 

144,000 






1/ 9 

107,000 

76 

3 20 

118 



1/24 

128,000 






2/15 

140,000 

67 

330 

101 



3/15 

181,000 




5% 

2 

3/ 6 

66,000 




10 


3/U 

61,000 




9% 


3/21 

74,000 




9 


4/ 1 

55,000 






4/24 

83,000 

46 

1 51 

1 51 

< 


5/14 

95,000 

47 



5 


6/14 

74,000 

49 

1 58 

1 55 

>10 


7/ 1- 

37,000 

32 

119 

134 

>10 

3 

4/29 

188,000 

79 

380 

104 


i 

5/24+ 

36,000 

16(p 

0 66 


>10 

5 

5/31 

116 000 

52 

187 

140 

2% 


6/ 7 

108,000 

50 

165 

1 56 

5 


6/14 

90,000 

56 

190 

147 



6/21 

173,000 

63 

2 02 

156 



6/2S 

177,000 

73 

2 49 

1 49 

3 


7/ 7 

263,000 

82 

2 63 

156 

2% 

6 

7/ 4 

116,000 

45 

145 

155 


7 

7/ 4+ 

16,000 

15 

071 

105 

>10 

8 

5/ 2+ 

34,000 

14 

0 61 

, 115 

>10 

9 

2/20 

103,000 

47 

195 

123 

3% 


2/25+ 

40,000 

35 

1 43 

122 

7% 

10 

8/16 

110,000 

25 

071 

176 

5 

11 

8/25 

193,000 

56 

214 

131 



10/ 9 

481,000 

91 

8 91 

116 


12 

8/30 

246,000 

45 

1 90 

119 

3% 

13 

9/ G 

55,000 

43 

1 53 

140 



9/19 

23,000 

28 

0 93 

1 51 

>10 

14 

9/29 

56,000 

31 

0 95 

163 

>10 

15 

10/27 

22,000 

28 

105 

13 



11/ 1 

25,000 

27 

096 

14 


16 

10/22 

13,000 

21 

0 57 

18 



10/30 

16,000 

16 

0 42 

19 



Evidently, m pernicious anemia one generally finds a diminished 
platelet count most pronounced in the grave cases (Cases 2, 4, 7, 8, 9, 
13, 14, 15 and 16), less so in the milder cases and dunng remissions 
In two cases, when the hemoglobin and red blood cell values reached 
nearly the normal (Cases 5 and 11), the platelet count also became 
normal In Case 12 there was a low normal platelet count, but this 
patient, whom I have not had the opportunity of studying further, was 
convalescing rapidly and was soon discharged 
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The value of the study of the platelets m pernicious anemia rests 
on their importance for the differential diagnosis between simple 
anemias and those of Biermer’s type, and furthermore on their value 
as a means of making a prognosis 

Cases in which the platelet count has gone very much under 100,000 
per c mm generally terminate fatally, while those with higher counts 
tend to remissions 

Complications in diagnosis might arise in cases of simple anemia 
following genuine purpura, but this disease seems to be very rare in 
Denmark, since I have only observed one case in a child and that 
before beginning this series of observations 

In leukemia the behavior of the platelets is more variable (Tables 
5 and 6) 

TABLE 5 — Myeloid Leukemia 


Number 

Date 

1 

Platelets 

Hemo 
globm 
per Cent 

Eed 

Blood Cells, 
Millions 

Color 

Index 

m 

Bleeding 

Time, 

Minutes. 

1 


83,000 

47 

2 20 

0 96 

249,000 

>10 



96,000 1 





>10 



75,000 



i 

100,000 

1 



118,000 1 





1 


3/12 

134,000 




107,500 

>10 

2 

5/30 

862,000 

26 

115 

112 

40,100 

2% 


6/ 6 

302,000 

21 

104 

lOO 

32,600 

3% 


6/16 

247,000 

18 

085 

103 

19,700 

3 

3 

4/23 

771,000 

70 

4 30 

0 81 

161,700 

2 


5/ 6 

568,000 

52 

2 91 

0 89 

27,600 

2 

4 

4/ 1 

1,306,000 

85 

4 81 

0 98 


3 


4/ 7 

1,291,000 





0 

5 

9/24 

403,000 

58 

4 20 ' 

0 70 




TABLE 6 — Lymphatic Leukemia 


Number 

Date 

Platelets 

Hemo 
globin 
per Cent 

Red 

Blood Cells, 
Millions 

Color 

Index 

White 

Blood 

Cells 

Bleeding 

Time, 

Minutes 

1 

12/30 


82 

3 94 

105 

15,600 



1/16 

127,000 

90 

4 10 

109 

6,000 


2 

4/20 

86,000 

72 

3 80 

0 95 

94,000 

4 

3 

4/21 

134,000 

35 

130 

135 

120,000 

5% 

4 

3/29 

170,000 

78 

435 

1 15 

247,000 

2t4 


4/ 7 






2 


4/22 

156,000 





2 


5/ 5 

137,000 

73 

390 

0 94 

106,000 

3 


5/15 

146,000 

79 

4 02 

0 98 

144,000 

9 


6/ 3 

132,000 

78 

388 

1 00 

125,000 

2% 


6/21 

139,000 

66 

300 

092 

63,100 


5 

6/16 

296,000 

96 

5 56 

0 79 

92,500 

3 


0/17 

287,000 







7/ 2 

314 000 

97 

5 42 

0 89 

108,400 

4 

6 

4/22 

48,000 

59 

310 

0 95 

2,200 



4/28 

48,000 





>10 


5/13 

36,000 

56 

3 07 

0 91 

2,400 



5/20 

49,000 

51 

206 

096 

3,200 

>10 


0/17 

58,000 

60 

311 

096 

1,800 


7 

8/17 

7,000 

14 

0 67 

1 04 

106,000 

>10 
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In seven cases of lymphatic leukemia, the platelet count was low 
111 SIX, but slightl} so in three cases, considerably lower m the lemain- 
ing three cases, one of which must be set apart on account of its show- 
ing at the time of the examination, a blood picture more like an aplastic 
anemia (Case 6) 

In myeloid leukemia the results were even more divergent, inas- 
much as one case shoiied a very low platelet count, two had normal 
^ allies and two had a i try considerable increase It may be of impor- 
tance to remark that the two first cases showed blood alterations 
resembling those of pernicious anemia 

Inasmuch as these lariations are inconstant, one cannot attribute 
any diagnostic laliie to them, and the platelet count in leukemia only 
senses to direct our attention to an impending hemorrhagic diathesis 
The reason for the low counts m leukemia is obscure It cannot be 
explained b}^ the roentgen-ra)^ treatment used, as three of the six 
patients with loweied platelet count never had been treated before, 
and two of the five patients with normal or increased values had been 
treated previously, also, the platelet count showed no drop during an 
effective roentgen-ray treatment 

In many of the cases mentioned the platelet count was low without 
any signs of hemorrhagic diathesis appearing In order to bring a 
latent tendency to hemorrhage to light, I have earned out a large 
number of bleeding time determinations by Duke’s method The blood 
from a small skin prick (2 mm deep) was wiped off eier}^ one- 
thirtieth second till the bleeding stopped I found the normal bleeding 
time m about 100 determinations to he between one and one-half and 
four minutes 

In Tables 1 to 6 the bleeding time is found on the extreme right 
In the only case of hemolytic icterus examined (Table 2) the bleed- 
ing time at first was normal, but became slightly lengthened, when the 
platelet count dropped to 186,000 per c mm 

From Tables 4, 5 and 6 it appears that the bleeding time may be 
moderately prolonged when the number of platelets lies between 
100,000 and 200,000, e g , in pernicious anemia ( Case 1 ) , where a 
platelet count of 181,000 occurred, together with a bleeding time of 
five and one-half minutes The lower the number of platelets falls, 
the more likely one is to find a definitely long bleeding time In a 
single case (lymphatic leukemia. Case 2) the bleeding time was normal 
(four minutes), although the platelet count was 86,000 

In all other cases where the platelet count fell below 100,000 per 
c mm , one finds a protracted bleeding time, often longer than ten 
minutes 
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In three out of four cases of hemophilia with a normal platelet 
count, the bleeding time also does not exceed the average limits In a 
fourth case it is somewhat lengthened In all cases of simple anemia 
the bleeding time was normal, even rather shorter than normal 

SUMMARY 

1 The method of Oluf Thomsen for counting the platelets in 
citrated plasma is described 

It gives reliable results At the same time it permits a determina- 
tion of the prothrombin time with a slight alteration of the technic of 
Howell, also a determination of the fibrin percentage accoiding to an 
unpublished method elaborated by the author, thus making possible a 
systematic examination for hemorrhagic diathesis on a single blood 
specimen 

2 The number of platelets m normal individuals lies between 

200.000 and 500,000 " 

3 The platelets are diminished in number in pernicious anemia, in 
most cases of lymphatic leukemia and in some cases of myeloid leu- 
kemia Normal values are found in hemophilia, and augmented values 
are found in many cases of simple anemia and some of myeloid 
leukemia 

4 The diagnostic and prognostic importance of the platelet count 
in diseases of the blood is discussed 

5 The bleeding time determination of Duke helps to disclose a 
latent hemorrhagic diathesis due to platelet deficiency, as symptoms 
may not appear without a provocative cause It is shown that plate- 
let counts of less than 100,000 per cmm generally cause a tendency 
to bleed 

6 The counting of the platelets and determination of the bleeding 
time IS of extreme importance as a pre-operative measure, especially 
in cases of aplastic anemia, in which an operation often is performed 
for explorative purposes, occult cancer being suspected 

4 In absolutely normal persons the number of platelets rarely is less than 

300.000 per cmm 



Book Review 


Total Dietary Regulation in the Treatment or Diabetes By Frederick M 
Allen, M D , Edgar Stillman, M D , and Reginald Fitz, M D Mono- 
graphs of the Rockefeller Institute for Medical Research, No 11, Oct 15, 
1919 The Rockefeller Institute for Medical Research, New York 

The monograph opens with a history of diabetes written from the stand- 
point of treatment which, with bibliography, fills seventy-eight pages It is 
stated in the preface that it was written as the opening chapter of a treatise 
in three parts, and that it was to have been followed by chapters which do 
not appear in the present volume The latter, according to the original plan, 
would have been published in a separate section The history is followed by 
a detailed exposition of the management of diabetic patients as carried out 
in the Rockefeller Institute Following this there are 284 closely printed pages 
and numerous charts devoted to the clinical records in full of seventy-five cases 
of diabetes treated at the same institution The remainder of the volume con- 
tains chapters on phases of the pioblem which Allen and his co-workers have 
made the subject of special investigation, thus a chapter on pancreas feed- 
ing, a chapter on exercise, and one on the influence of fat in the diet These 
are followed by a discussion of results and prognosis, and a chapter on etiology 
and pathology 

One familiar with the literature of diabetes, including especially the previ- 
ously publishd works of Allen and Joslin, will find in the volume little that 
IS strictly new The detailed case lecords have not been published before, 
and they form an important feature, but apart from these, the work is largely 
a restatement of the work and views of Allen and his co-workers 

The historical part indicates that previous writers had established the prin- 
ciple of making the diabetic patient sugar-free and of keeping him consistently 
sugar-free thereafter, whenever this was possible It had been accomplished 
in cases sufficiently mild by restricting the carbohydrate alone In a less mild 
group of cases it had been accomplished by restricting the protein as well as 
the carbohydrate It was known that even in the most severe cases fasting, 
sufficiently prolonged, would result in the disappearance of all symptoms of 
diabetes, provided there were no preventing intercurrent disease It was not 
realized that the severest cases, or even the moderately severe cases, could be 
kept consistently free of symptoms of diabetes for an indefinite period of time 
after they were desugarized by fasting Fear of the effects of continued under- 
nutrition of the degree and kind thought necessary had led to the practice of 
increasing the diet too lapidly and too much, so that symptoms promptly 
returned Allen desugarized all, or nearly all, patients by an introductory fast 
and subsequently refrained from adding food beyond the limits of the patient’s 
power to assimilate it He thus extended the principle of desuganzing and 
keeping the patient consistently sugar free to a large group of cases for whom 
this had not been considered feasible In so doing he discovered new possi- 
bilities m the line of restoration of tolerance and the conversion of the more 
severe into the less severe or milder types of diabetes The gradual addition 
of measured quantities of carbohydrate, protein and fat to desugarized diabetic 
patients who proclaim the limit of their assimilative powers by excreting 
abnormal quantities of sugar or acid proved a good method for studying the 
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metabolic effects of the foodstuffs individually and collectively This method, 
applied i\ith the facilities of the Rockefeller Institute, has led to a much 
clearer concept of the principles underlying the dietetic management of dia- 
betes than had been held before Total dietary regulation and the deleterious 
effects of an undue quantity of fat in the diet are emphasized throughout 
the work 

The book is written somewhat in the form of a diary, in that views and 
cases are presented in their entirety in the order of their arrival It contains 
much valuable data which would be more easily accessible if it were classified 
indexed and separated from the nonessential, but it tells the story of an 
advance m the dietetic management of diabetes that has resulted m a decrease 
of suffering and a prolongation of life It is a work which should be read 
by all those who assume responsibility for the care of diabetic patients 


Fifty cents each will be paid for the following issues 
of the Archives of Internal Medicine January, March, 
June, August, 1918 January and July, 1916, Novem- 
ber, 1915, January, 1911, July, 1909 American 
Medical Association, 535 North Dearborn Street, 
Chicago, 111 
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The reseaiches of the past fifteen years on the chemistry and bio- 
chemistry of creatm and creatiniii have abundantly established the high 
importance of these substances in the animal economy, and it seems 
appropriate at the outset of this paper to present a brief summary of 
those investigations which have a direct bearing on the subject here 
considered 

Previous to 1906, general acceptance was given to the theory of the 
older investigators^ that the creatinm eliminated in the urine is a waste 
product derived from muscle creatm In 1906 Fohn published the 
results of experiments^ m which he showed that ingestion of creatm 
did not cause the appearance of creatm in the urine, and did not appre- 
ciably influence the elimination of creatinm, from which he concluded 
that though chemically closely akin, creatm and creatinm are biologi- 
cally distinct Since that time numerous observers haie confirmed 
, these experiments (Klercker, Wolf, Shaffer) and the metabolic gap 
between the two substances has grown increasingly wider ^ Meyers 
and Fine,^ on the other hand, have carried out extensive experimental 
work designed to substantiate the theory that muscle creatm is the 


Ztschr f Physiol Chem 46 416, 1906, 


1 Van Hoogenhuyze and Verploegh 
Jaffe Ibid 48 430, 1906 

2 Folin Hammarsten Festschrift, 1906 

3 It seems difficult to accept any definite conclusions regarding the normal 
fate of creatm in the body from experiments in which massive doses (20 gm ) 
of creatm are fed and small (from 030 to 049 gm ) quantities of creatm are 
recovered from the urine Rose and Dimmitt J Biol Chem 26 346 1916 

4 Meyers and Fine J Biol Chem 14 18, 1913 
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precursor of the creatmin eliminated in the urine They have called 
attention especially to the close parallelism between the average creatin 
content of the muscle of a given species and the creatmin coefficient 
for that species (Mg of creatmin nitrogen per twenty-four hours per 
kilogram of body weight) Such data are highly suggestive, but it is 
difficult to draw incontestable conclusions from this parallelism In 
the first place, it is doubtful whether any creatin is set free from the 
muscles under normal circumstances Moreover, Fohn and Buck- 
man® have shown that the creatin content of the muscles of animals of 
a given species varies within too wide limits to permit of average 
figures being used m calculation Finally, as pointed out by Benedict 
and Osterberg," and Fohn and Denis,® the creatmin coefficient is a very 
variable quantity when applied to dtffeienf individuals, owing to the 
fact that other tissues, notably adipose tissue, not directly concerned 
with the production of creatmin, influence to a laige extent the weight 
of an animal At present, then, it would seem that there is no undis- 
puted evidence to show that creatin is, under any conditions so far 
studied,^ a precursor of any important part of the creatmin eliminated 
Regarding the significance of urinary creatin, it has been known 
since the work of Fohn in 1905,® that the amount of creatmin elim- 
inated on a creatmin- free diet is a constant for a given individual, and 
is independent of the amount of protein ingested — thus suggesting that 
the creatmin eliminated is an index of the endogenous or cellular 
metabolism The significance of urinary creatmin has been studied 
by numerous investigators since then, among them Taylor and Rose,^° 
Fowler and Hawk,^^ Shaffer,^® and Meyers and Fme,^® and the con- 
census of opinion seems to be that the urinary creatmin represents an 
end-product of a normal (endogenous) metabolic process taking place 
chiefly in the muscles, and that the amount eliminated is proportional 
to the active mass of muscle tissue present (on a creatmm-free diet) 
Creatin, as is well known, does not occur, or occurs only m very 
small traces, in the urine of normal adult males on an ordinary diet 
Its occurrence m a great variety of pathologic conditions and con- / 
ditions of altered metabolism (fevers, starvation, carcinomatosis, 
acidosis, faulty carbohydrate ultihzation, high protein feeding, child- 

5 Fohn and Denis Ibid 17 493, 1914 

6 Fohn and Buckman Ibid 17 183, 1914 

7 Benedict, S R , and Osterberg, E J Biol Chem 18 195, 1914 

8 Fohn and Denis Loc Cit 

9 Fohn Am J Physiol 13 118, 1905 

10 Ta^lor anl Rose J Biol Chem 14 419, 1913 

11 Foi\ler and Hawk J Exper M 12 388, 1910 

12 Shaffer Quoted by Hawk, Pract Phjsiol Chem 1918, p 490 

13 Mejers and Fine J Biol Chem 14 388, 1913 
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hood, pregiianc}^ massive doses of creatm) has formed the basis of a 
large number of reasearches regarding the origin of creatm and its 
relation to creatimn 

There are several hypotheses advanced to account for the appear- 
ance of creatm m the unne in \arious conditions F B Benedict,^'* 
who was the first to report creatmuna m starving men, suggested that 
the creatm is derived from muscle creatm This problem has been 
further studied by Mendel and Rose,^® and by Myers and Fine,^® and 
the latter obsersers concluded from their experiments that the creatm 
of the urine m star\ation owes its origin to the disintegration of muscle 
tissue But, as Benedict (S R ) and Osterberg^" suggest, disintegra- 
tion of muscle tissue may mean either a selective liberation of creatm 
or a more or less complete destruction of the proteins of the tissue 
From the experiments of Folin and Denis,’^® it is difficult to see how 
any selective liberation of creatm can occur The last named investi- 
gators showed from observations on the absorption of creatm from the 
blood by living muscle, that living muscle contains practically no 
creatm, and concluded “that the creatm found on analysis is a post- 
mortem product originally constituting a part of the living proto- 
plasm ” On the other hand, as pointed out by Benedict and Osterberg, 
if an actual destruction of muscle protoplasm does occur, and the 
creatm is split off as such during the process of destruction, we should 
expect that the total nitrogen of the urine would closely parallel the 
creatm eliminated (or creatm plus creatmm) These experiments^® 
showed, however, that a high creatm elimination could be maintained 
which was independent of the tissue destroyed Benedict and Oster- 
berg worked with completely phlonzmized dogs, sparing the body 
proteins by feeding the necessary amount of creatm-free protein The 
animals were fasted for a preliminary period of two or three days 
before the injections of phlorizin Avere begun, and m some cases the 
fasting Avas continued after the injections of phlorizin had been begun 
That IS, the animals Avere first subjected to simple stanation, then to 
greatly “intensified stan^ation” (phlorizin), and AA^ere then kept m 
nitrogen equilibrium (or nearly so) by feeding creatm-free protein to 
spare the body proteins The creatm elimination, slight dunng simple 
fasting, increased markedly on administration of phlorizin (intensified 
starA^ation) and then shoAved a decline, unless an adequate supply of 
protein AA^as furnished, but throughout AA^as independent of the body 

14 Benedict, F G Carnegie Institute Washington, Pub 77, 1907, p 386 

15 Mendel and Rose J Biol Chem 10 213, 1911 

16 Meyers and Fine Ibid 15 283, 1913 

17 Benedict, S R, and Osterberg, E J Biol Chem 18 195, 1914 

18 Folin and Denis Ibid 17 493, 1914 

19 Benedict and Osterberg Loc Cit 
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nitrogen lost The quantity of creatin eliminated during starvation, 
then, IS independent of the amount of tissue destroyed, and this creatin 
does not come from preformed creatin split off in the process of 
destruction There still remains the possibility, however, that the 
creatin eliminated during starvation may be synthesized from the end- 
product of the destruction of muscle protein In this case, the quantity 
synthesized, and hence the quantity eliminated, would not necessarily 
be directly proportional to the amount of tissue destroyed (total 
nitrogen) even though the utilization of creatin were completely ( 
inhibited (phlonzin) 

It has recently been suggested by Hunter and CampbelP® that there 
may be a threshold for the elimination of creatin, and that certain 
cases of creatmuna may be accounted for on this basis They have 
published results of the simultaneous determination in the blood 
plasma and urine from which they conclude “that the concentration 
of creatin in the urine bears a direct relation to that in the plasma, 
and that a slight increase in the latter (as little as 0 1 mg per hundred 
c c ) suffices to bring about a copious secretion ” These observers 
suggest the interesting possibility of the dependence of creatmuna on a 
specific increase in renal permeability While the theory of a threshold 
for creatin elimination is entirely plausible, it is difficult to see how 
reliable conclusions with respect to such small amounts of creatin can 
be drawn with the use of any of the current methods for the determi- 
nation of creatin in plasma 

The relationship of creatmuna to excessive protein feeding has 
been repeatedly demonstrated during the last five years Amberg and 
Morrill,^’- Rose,^^ and Fohn and Denis^^ have shown that creatmuna 
IS a constant finding in children up to puberty Fohn and Denis,-^ and 
Denis and Kramer^® have presented highly important experimental 
data showing that the “creatin found m the urine of children is directly 
dependent on the intake of protein (creatin-free), being high when 
large quantities of protein are ingested, decreasing and in some cases 
disappearing entirely when the child is fed a diet of an extremely low 
protein content ” Denis and Kramer point out further, that “the low 
saturation point of immature muscle suggested by the small creatin 
content of the muscles of children, and the relatively low level of 
protein consumption at which creatin is excreted, may account in part 
for the creatmuna ” The relationship of high protein feeding to 

20 Hunter and Campbell J Biol Chem 33 188, 1918 

21 Amberg and Morril Ibid 3 311, 1907 

22 Rose, W C Ibid 10 265, 1911 

23 Fohn and Denis J Biol Chem 11 253, 1912 

24 Fohn and Denis Ibid , Loc Cit 

25 Denis 'and Kramer J Biol Chem 30 189, 1917 
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creatmuna has been further studied by McCollum and Steenbock"® 
working with pigs and by Denis and Minot^’ working with adult women 
and persons suffering with hyperthyroidism 

On the other hand, Rose, Dimmitt and Bartlett-® were unable to 
produce creatmuna on the amount of protein that they gave their 
subjects but, as pointed out later by Denis and Minot,^*’ it is necessary 
to give much more protein (as much as 33 gm of nitrogen per twenty- 
four hours) than Rose, Dimmitt and Bartlett gave, 'and it is also 
desirable to precede the period of excessive protein intake by a period 
of high protein feeding 

That the creatmuna of excessive protein intake might be due to an 
acidosis caused by the highly acid character of the protein diets, has 
been amply precluded by recent work of Denis and Mmot®° who have 
shown that the creatmuna persists unaltered, even though the urine 
IS kept alkaline (administration of sodium bicarbonate) and by the 
work of Sj;eenbock and Gross®^ who have shown that sufficiently high 
. protein diets will always produce creatmuna in pigs, even m the 
presence of alkalosis 

Although Cathcart and Taylor,®^ from experiments on partially 
phlonzimzed dogs, were led to conclude that the processes leading to 
acidosis and creatin elimination are distinct, nevertheless, Underhill®® 
has shown that creatmuna would make its appearance m rabbits fed 
on diets rich in acid salts or on basic diets, to which hydrochloric acid 
had been added and would disappear on feeding basic diets More- 
over, Underhill and Bauman,®^ woiking with animals to which they 
administered hydrazm sulphate, were able to demonstrate creatmuna 
both in the presence of acidosis and a normal carbohydrate intake and 
m the absence of acidosis m the presence of hypoglycemia 

Unfortunately, most of the observations on creatmuna and acidosis 
have been confused by the presence of carbohydrate starvation, so 
that It cannot be regarded as settled that acidosis alone is capable of 
producing creatin elimination ®® 

26 McCollum and Steenbock Ibid 13 209, 1912 

27 Denis and Mmot Ibid 21 561, 1917 

28 Rose, Dimmitt and Bartlett Ibid 24 601, 1918 

29 Denis and Minot Loc Cit 

30 Denis and Minot 37 245, 1919 

31 Steenbock and Gross J Biol Chem 36 265, 1918 

32 Cathcart and Taylor J Physiol 41 276, 1910 

33 Underhill, F P J Biol Chem 27 127, 1916 

34 Underhill and Bauman Ibid 27 151, 1916 

35 Many of the reported findings of creatin in urines (and bloods) con- 
taining aceto-acetic acid are doubtful inasmuch as the aceto-acetic acid causes 
too low results for creatinin On boiling, the acid is destroyed and a higher 
value IS obtained which may be taken for creatin 
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In 1907, Cathcait^*’’ first suggested a relationship between faulty 
carbohydrate metabolism and the elimination of creatin The relation- 
ship has been further studied by Underhill and Kleiner,®' who showed 
that hydrazin sulphate caused a marked hypoglycemia and creatinuna 
by Mendel and Rose,®® who showed that carbohydrate food adminis- 
tered to starving rabbits showing creatinuna would immediately cause 
the cessation of the creatin elimination, whereas protein would not, 
and by Rose,®® Wolf**® and S R Benedict and Osterberg The last 
named investigators, whose work is quoted above, carried out an 
extensive senes of experiments on phlorizinized dogs, from which 
they concluded that “the power of the organism to metabolize the 
creatin which it forms is directly related to certain other processes, 
chief among which appears to be the utilization of carbohydrate ” 

The bulk of evidence in regard to the ongin and fate of creatin 
would seem to indicate that that substance is not derived from pre- 
formed creatin of muscle as once believed, but rather that it is con- 
stantly being formed in the body, possibly synthesized from the ammo- 
acids produced in the intermediary metabolism of proteins, whether 
these come from the food or the body (stan^ation), and is, under 
normal cricumstances, being retained in the body or utilized for con- 
structive purposes It may be eliminated m the mine when produced 
in excess of the absorption capacity of muscles (high protein feeding 
in childhood), possibly in uncomplicated acidosis, and when its reten- 
tion or utilization is inhibited by factors that interfere with the utiliza- 
tion of carbohydrate (fasting and the more complete forms of carbo- 
hydrate stan^ation [phlorizin] and in diabetes mellitus^®) There is no 

36 Cathcart J Physiol 25 500, 1907 

37 Underhill and Kleiner Quoted by Underhill and Bauman, J Biol Chem 
27 151, 1916 

38 Mendel and Rose Ibid 10 213, 1911 

39 Rose, W C Ibid 10 265, 1911 

40 Wolf Ibid 10 473, 1912 

41 Benedict, S R , and Osterberg, E J Biol Chem , Loc Cit 

42 Wolf (J Biol Chem 10 473, 1912) has shown that feeding of protein 
to starving dogs causes a disappearance of the creatinuna and, more recently. 
Rose, Dimmitt and Cheatham (J Biol Chem 26 339, 1916) have shown that 
b> feeding protein to starving men the creatin output can be reduced to nil 
These findings in no waj vitiate the hypothesis that carbohydrate food is neces- 
sary for the retention or utilization of creatin inasmuch as Lusk has shown 
that a considerable part of the protein in starving dogs and men is converted 
into carbohydrate (glucose) 

43 Numerous attempts ha\e been made to determine the origin of creatin 
by feeding a possible precursor, as for example, arginin (Inouye), guanidm 
acetic acid (Jaffe)^ cholin and lecithin (Koch) Owing to the fact that large 
amounts of creatin can be ingested without the production of creatinuna, it 
■would seem that any attempt to feed a precursor of creatin and recover creatin 
in the urine should be doomed to failure, inasmuch as the body would take 
care of any' creatin formed just as it does the ingested creatin 
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undisputed evidence to show that any important part of the creatin 
formed in the body is converted into creatimn 

In 1918, Janney and Isaacson^^ demonstrated a marked glucose 
intolerance m cases of hypeithyroidism, and a definite and more or less 
characteristic glucose intolerance has been demonstrated by Pemberton 
and Foster^^ m cases of arthritis Inasmuch as creatinuria has been 
demonstrated in hyperth 3 '’roidism (after high protein feeding) and in 
other conditions where there is a disturbance m the body’s capacity to 
utilize carbohydrate, it was deemed worth while to investigate a series 
of arthntics with a view of determining the presence of abnormalities 
in the metabolism of creatin as revealed by blood and urine analysis 
It was planned to study cases first on an average diet and then on diets 
containing no carbohydrates and an excess of protein with and with- 
out creatin added Owing to the closing of the hospital, it was not 
possible to complete these investigations as originally planned, but the 
data collected seemed to be of sufficient technical and general medical 
interest to warrant publication 


METHODS 

(a) Descupiio'n — The deteiminations of creatin and creatimn in 
blood and plasma were made by the methods of Folin,"*® the picric acid 
solution being precipitated and made alkaline by the use of the potas- 
sium hydioxid-potassium chlorid mixture recommended by Fohn and 
Doisy The determination of creatin in urine was made by the Fohn 
method The conversion of urinary creatin into creatimn was effected 
by the autoclave procedure of Meyeis and Benedict^” Seveial detei- 
minations of picric acid on blood were made by the Denis method and 
these also are leported For the determinations of total nonprotein 
nitrogen m both blood and urine, the direct nesslerization method of 
Fohn and Denis was used Considerable difficulty was experienced 

44 Janney and Isaacson Arch Int Med 22 160 (Aug ) 1918 

45 Pemberton and Foster Part III, Studies on Arthritis in the Army, Arch 
Int Med 25 243 (March) 1920 

46 Fohn J Biol Chem 17 475, 1914 

47 Fohn Ibid 27 349, 1916 

48 Fohn Ibid 17 164, 1914 

49 Benedict, S R Ibid 18 191, 1914 The creatimn used in preparing the 
standard solutions was presented to the laboratory through the courtesy of 
Prof S R Benedict The standard solutions were kept in dark glass bottles 
and no standard over six weeks old was used (See Hunter and Campbell 
J Biol Chem 28 335, 1916 ) 

50 Denis J Biol Chem 35 513, 1918 

51 Fohn and Denis Ibid 26 491, 1916 It was found that the metaphos- 
phoric acid with which we coagulated the proteins contained a small amount 
of nitrogen, sufficient to elevate the total nonprotem nitrogen by from 1 8 to 
2 6 mg per hundred c c of blood The proper deduction was made in each 
case Since the analyses were made, Fohn has pointed out (personal com- 
munication, May 19, 1919) that this nitrogen can be removed by fusing 100 gm 
of the metaphosphonc acid with from 1 to 2 gm of potassium nitrate 
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TABLE 2 — Determination of Creatin and Creatinin in Blood and 
Urine of Arthritis Patients 


1 

1 


Urine | 

Gm per 24 Honrs | 

Blood Jig 
per 100 C e 

Clinical Data 

^aIne 

Case 

Registration No 
Operation 

1 

1 

1 

Date 

Total Nitrogen 

Creatinin 

Creatinin Nitro 
gen, Weight 

Creatin 

C3 ^ o 
^C^ to 

B o 
■s 

o 

Creatinin Whole 
Blood 

Creitin Whole 
Blood 

1 

Jal i 



1 

j 







Case 7 i 

3/27/19 

6 73 

1 33 ' 

^ 915 

00 

729 

30 

38 

30 0 

Subacute, ambulatorj 

Reg fiO 1525 










pam in Lnees and heel 

TonsiUectomj 

4/12/19 

4 10 

120 

8 37 

1 0-0 

8 73 

1 0 

79 

30 8 

Considerable improve 

1913 




1 

[ 





ment since last test 

Hin 











Case 11 

3/31/19 

7 58 

1 56 

10 40 

00 

7 68 

1 1 

59 

28 0 

Subacute, ambulatory. 

Reg No 2503 










chronic tonsillitis 

Tonsillcctomj 

4/14/19 

5 80 

1 42 

9 23 

00 

8 97 

1 4 

5 5 ^ 

i 31 9 

Some improvement 

4/3/19 












3/27/19 

10 40 

195 

12 40 

00 

6 91 

60 

7 82^ 

24 0 

Chronic, ambulatory, 

Jan 





1 

1 



1 

walks with cane 

Case 48 

4/14/19 

6 40 

186 ! 

11 00 

00 1 

10 80 

52 

60 

26 2' 

Slight improvement 

Reg ^o 4238 



1 







since last week 


5/ 5/19 

8 15 

137 

8 68 ' 

00 ' 

6 23 

11 

39 

30 8 

Marked improvement. 

1 




1 

1 i 


, 



can v alk without cane 

Cha 

4/14/19 

10 45 

176 

9 39 

1 016 

022 

15 


34 5 

Chronic, ambulatory. 

Case 47 




1 

1 1 

1 




vith crutches 

Reg No 4049 i 

4/22/19 

6 90 

106 

1 5 84 

i 0 40' 

564 

1 2 

71 

271 

Acute attack, in bed. 

Tonsillectomy 

1 



1 

1 1 





no fever 

3/12/19 ; 

5/ 8/19 

10 80 

0 89 

4 70 ] 

i 1 

3 03 

08 1 

52 1 

24 9 

Symptoms still present 






1 ! 


1 

1 


but much improved 

Hic 

! 4/12/19 

7 25 

1 49 

1 38 

i 00 

7 58 

12 

‘ 7 8 

22 9 

Subacute, ambulatory 

Case 70 


0 47 

j 109 

5 40 

00 

6 25 

1 0 ' 

4 5 1 

25 5 ' 

Symptoms still persist 

Reg ^o 4803 

j 5/14/19 




1 


1 


! 

but definitely improved 


4/15/19 

1 4 80 

1 1 43 

1 9 34 

i 00 1 

1100 

1 3 

7 30 

30 9 

Chronic, ambulatory 

McK 

4/30/19 

' 8 18 

182 

1 11 95 

loo, 

1 b lid 

1 2 

5 03 

28 5 

Acute attack, in bed. 

Case 02 


1 


1 

1 j 

1 


1 


COs 40 4 vol per cent 

Reg No 4973 




1 

1 

1 




acetylsahcyhc acid 











t i d during 3 days of 


1 

1 








test, febrile 

Ljn 


^ 400 









Case 52 

4/17, 19 


1 03 

6 25 

00 

838 

1 4 


KltM 

Chronic, ambulatory 

Reg No 4836 








1 



TonsiUectomj 

5/13/19 

610 

131 

790 

00 

790 

oa 

4 4 


Marked improvement 

4/7/19 



1 ' 
1 








Mil 

4/24/19 

916 

1 139 

9 73 

00 

5 70 

iin 

6 6 

24 1 

Acute attack, in bed. 

Cast 01 



1 






j 

Temp 100 first day of 

Reg No 5313 




1 






diet, acetylsahcyhc acid 

TonsiUectomj 



1 







t i d for 3 days of 

5/1/19 



1 







diet 


5/13 19 


1 1 39 

8 86 

00 

4 68 

09 

54 

30 7 

No symptoms 

Her 











Case 00 

4/20/19 


170 

9 30 



1 4 

, 4 

221 

Acute attack, in bed 

Reg No 4804 






1 





lo Case 14 

4/ 709 

0 20 

1 1 52 

7 75 


8 94 

07 



Chronic in bed 

Reg No 3">">9 

5/ 9/19 

7 23 

1 1 40 



7 51 

11 

0 8 

291 

No improv ement 
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m securing pure picric acid Samples from four different manufac- 
turers were tested, and all of them, until purified, proved unsatisfactory 
on account of the marked darkening which took place on boiling, auto- 
claving, or on neutralizing with alkali The several samples were 
purified twice by the method suggested by Folin and Doisy Only 
those samples weie used for the preparation of standards or for 
analysis whose color became less than half again as intense on neutral- 
izing with alkali, which showed no change of color on autoclaving and 
to which creatin could be added, the solution autoclaved, and the 
creatin recovered quantitatively (colorimetrically) as creatinin 


TABLE 3 — Creatin' and Creatinin Values for Whole Blood 
AND Plasma (Folin Method) * 


Registration 

Number 

! 

. Date 

1 ; 

1 Creatin | 

[ Creatinin 

j Whole Blood 

' Plasma 

; Whole Blood j 

Plasma 

3689 

1 5/ 1 

29 

1 ^ 


08 

3350 

4/28 

36 

13 , 

18 

1 3 

4238 

5/ 3 1 

I 39 

1 2 2 


1 4 

1699 

5/ 3 ! 

40 ! 

1 3 

11 1 

09 

4257 

5/11 ! 

41 

19 

09 

1 08 

6 

5/12 i 

46 

13 

06 

08 

4 


40 

1 5 

10 

1 1 0 

5054 

4/26 

47 1 

30 

15 

1 4 

5443 

5/11 

48 j 

1 8 ' 

10 

07 

4997 

5/ 5 1 


18 

1 4 

1 5 

4973 



27 1 

12 

10 

4804 

4/20 

52 i 

27 1 

14 

1 0 

2503 

3/31 

! 59 1 

2 5 

1 1 

1 0 

4238 

4/ 7 , 


1 24 

52 

4 8 

4830 

4/17 

0 0 

1 2 2 

13 

1 1 

8559 

5/ 9 j 

I 08 1 


11 

10 

4049 

4/14 

70 

i 3 3 

1 5 

10 

3559 

4/ 7 


[ 30 

07 

1 0 

5313 

4/24 1 

70 1 

! 1' 

08 j 

08 

A\er iges 


54 

22- 1 

1 3 j 

; 1 2 


* Values for crentm and creatinin ire mg per hundred cc of whole blood or plasma 


(b) Disensiwn — It appears to be fairly definitely settled that 
determinations on both whole blood and plasma by the Folin method 
and presumably also by the Denis method, represent the truth so far 
as creatinin is concerned Yet it is equally true that when values for 
creatin m blood or plasma are published, they constitute a casus belli 
In concurrence with the work of Hunter and Campbell, our results 
show a fairly uniform distribution of creatinin between plasma and 
corpuscles (whole blood) (Table 3) Moreover, our values for creatin 
in the plasma are lower, as were theirs, than the values for creatin in 
whole blood, markedly and uniformly so throughout the entire series 
A striking fact about these creatin values is that the values for plasma 
do not parallel at all the figures for whole blood 

52 Folin and Doisy J Biol Chem 27 349, 1916 

53 Hunter and Campbell Ibid 33 169, 1918 
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A number of determinations were also made by the Folm method 
and by the Denis method (Table 4) on the same sample of whole 
blood In agreement with Denis’ work,®'^ our values for creatimn are 
slightly lower and those for creatin markedly lower by the Denis 
method than by the Folm method However, in attempting to apply 
the metaphosphonc acid precipitation method to plasma, we found, m 
many instances, extremely small values for creatm — in some cases less 
than 0 5 mg per hundred c c This observation and the finding of 


TABLE 4 — Comparative Analyses of Whole Blood for Creatin and 
Creatinin by the Folin and by the Denis Method 


Creatin 


Creatinin 



I Folm Method 

Denis Method 

Folm Method 

Denis Method 

27 

' 60 

25 ' 

' 14 

1 3 

28 

5 2 

23 

1 3 

1 3 

29 

49 

28 

1 5 

12 

30 

4 5 

34 

1 ^2 

10 

31 

7l 

35 

12 

1 0 

32 

4 8 

30 

1 1 2 

12 

33 

0 0 

33 

08 

1 4 

34 

61 

38 

1 7 

19 

35 

4 7 

1 8 

14 

18 

3G 

54 

2 5 

14 

1 4 

37 

36 

26 

18 

16 

38 

34 

32 

1 6 

1 8 

39 

38 

1 8 

1 3 

09 

40 

4 2 

25 

15 

1 4 

41 

5 0 

21 

1 2 ! 

06 

42 

2 9 

29 

09 

10 

43 

44 

30 

09 

07 

44 

42 

18 

14 

' 12 


35 

21 

1 3 

1 4 

40 

57 

1 8 

10 

09 

47 

40 

1 3 

1 1 

1 0 

48 

39 

1 5 

1 10 

09 

49 

4 9 

2 4 

‘ 14 

14 

50 

4 0 

36 1 

07 j 

1 5 

51 

5 2 

, 2 5 

1 08 ! 

1 0 

52 

44 

23 ] 

09 1 

11 

5 

4 0 

1 20 

10 

1 0 

4 

3 7 

1 24 

11 

1 2 

53 

48 

23 

10 

10 

54 

41 

1 32 

09 

13 

0 

4 6 

1 25 

06 

06 

7 

40 

1 21 

08 

07 

Averages 

00 

27 

1 

16 

1 3 


Greenwald^^ that certain protein precipitants, notably methyl alcohol, 
occlude creatm and certain amino-acids, led us to start an investigation 
to determine, if possible, to what extent the various protein precipitants 
(picric acid, trichloracetic acid, metaphosphonc acid, methyl alcohol, 
tungstic acid occlude creatin As yet, we have not made a sufficiently 
large number of determinations to draw any definite conclusions, but 
publish here (Table 5) a few of our results obtained from precipitating 
the proteins of whole blood and plasma with picric acid and metaphos- 

54 Denis Ibid 25 513, 1918 

55 Grecnwald Ibid 21 61 1915 

56 The use ot this last vas suggested bj' Folm (personal communication) 





PEMBERTON-BUCKMAK— ARTHRITIS 


347 


phone acid The method employed was briefly as follows About 30 
c c of blood from an arm vein were aspirated into a small Erlenmeyer 
flask containing about 0 1 gm of potassium oxalate Ten c c of this 
mixture were taken for the determination of creatin and creatmm in 
whole blood The balance was centrifuged (at 2,000 revolutions per 
minute for 10 minutes) and the plasma pipetted off Definite volumes 
of plasma and corpuscles were then taken for analysis The corpuscles 
were laked by making up to a definite volume with distilled water 
In a given sample the same precipitant was used for coagulating the 


TABLE S — Comparative Values of Yield (Creatin and Creatinin) from 
Supernatant Liquid and Coagulated Mass Plasma (Pl ) 

AND Whole Blood (W B ), Mg Per Hundred Cc 


Method 

Snmple ■ 

j Whole Blood 

Plasma 

Super 

mtant 

Liquid 

[ Super- 
natant 
Liquid 

I plus Coag 
ulum 

Percentage 
of Total 
from 
Super 
nataiit 

Supi r 

natant 

Liquid 

1 Supei 

I natant 

1 Liquid 
' plus Coag- 
' ulum j 

Percentage 
of Total 
from 
Super 
natant 

Denis 

10 

6 8 

1 78 

82 

1 1 

25 

1 44 


11 

38 1 

4 9 

78 

2 9 

' 4 2 i 

i 00 


6 

42 

4 5 

94 

2 5 

, 2 8 

I 89 


7 

39 1 

1 4 2 

[ 93 

2 5 

34 

74 


12 

4 7 

5 5 

1 86 

2 2 

1 4 0 

I 55 


13 

2 4 

31 

77 

1 2 

25 

1 48 


14 

66 

85 

1 78 

1 6 

30 

53 


15 

38 

43 

88 





16 

36 

4 2 

86 




1 

17 

41 

48 

85 



1 


18 

45 

i 51 

88 



1 

i 

19 

41 

52 

79 



1 

Fohn 

20 

46 ! 

! 51 

90 

20 

so ! 

07— 


21 

70 , 

84 

83 

3 4 

40 ! 

85 


4 

59 

1 75 

79 

4 9 

■>1 

96 


5 

52 

65 

80 

38 

4 4 j 

80 


22 

1 59 

1 83 

71 

4 0 

5 1 

1 SO— 


23 

1 60 

74 

89 

30 

4 2 

81- 


24 

62 

74 

84 


i 

1 


25 

i 6 2 

81 

77 1 





26 

I 68 

1 

1 

90 

76 



1 

1 


Avenge percentnge jields from supernatnnt fluid 

Denis Method Whole blood, 84 5 per cent , plasma, 61 7 per cent 
Fohn Method Whole blood, 81 0 per cent , pl isma, 82 5 per cent 


proteins of whole blood plasma and corpuscles After coagulating the 
proteins m each, the suspension was centrifuged (2,000 revolutions 
per minute for 10 minutes) and the supernatant liquids were analyzed 
for creatin and creatinin The coagulated masses from whole blood, 
plasma and corpuscles were separately washed thoroughly with five 
50 cc portions of distilled water (further washing did not increase 
the yield), the washings added together and concentrated in acid 
(noimal) solution and then analyzed for creatin plus creatinin 

The results presented m Table 5 suggest that a considerable amount, 
1 oughly 20 per cent, of the creatin of whole blood (we have figures 


57 Fohn T Biol Chem 17 475, 1914 
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to show that the creatmm is but little, if at all occluded) is occluded 
in the coagulated proteins, and that in plasma, precipitated with meta- 
phosphoric acid, a relatively larger amount of creatin is occluded 
Moreover, in a few determinations which we have made on the cor- 
puscles (metaphosphoric acid) we have found from four to five times 
as much creatinin plus creatin in the coagulum as in the supernatant 
liquid These results suggest that the corpuscles may contain some 
chromogemc substance other than creatin which, on autoclaving, gives 
a color with picric acid Investigations have been started involving 
the addition of known quantities of creatin and creatmm to whole 
blood, corpuscles and plasma m the hope of throwing further light on 
this problem 

The determinations of creatmm and creatin on whole blood and 
urine shown in Tables 1 and 2 were all made with' picric acid precipi- 
tation While determinations of creatin in whole blood or plasma by 
any of the current methods admittedly may not represent actual quan- 
tities of creatin present, nevertheless, such determinations are of value 
in a statistical study as showing an empirical departure from the 
normal At least this is all that can be said of them until more accurate 
methods are inti oduced 


SUBJECTS 

The nine normal controls were volunteers from the medical corps 
detachment of the hospital The cases leported were all of them 
hospital patients suffering from arthritis in various stages of the dis- 
ease, from acute attack to well advanced convalescence In every case 
(patient or normal control), the individual was put on a creatin- and 
creatinin-free diet for a period of three days, and on the fourth day, 
before breakfast the sample of blood was taken The urine used for 
analysis was that obtained during the last twenty-hour hours The 
diet averaged 50 gm of protein, 65 gm of fat and 300 gm of carbo- 
hydrate, yielding about 2,000 calories Only two of the cases were 
febrile during the period of observation (these so noted) 

OBSERVATIONS ON THE RESULTS 

1 In Table 1 are recorded the results of the analyses of the blood 
and urine of nine normal controls and fifty cases of arthritis in various 
stages of the disease These cases are arranged according to ascending 

58 The studies forming the basis of Tables 4 and 5 were contributed by Lieu- 
tenant Buckman alone 

59 This work was completed before the system of blood analysis by Folin 
and Wu was published Folin and Wu J Biol Chem 38 81, 1919 
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values for “creatin” m whole blood Broadly speaking, about half of 
these show values for blood “creatin’’ above the highest normal value 

2 Many of the high values for creatin in the blood seem to fall in 
that group of cases characterized by very acute symptoms or by a 
very chronic course without much change from day to day 

3 Despite the definite glucose intolerance shown by a majority of 
the cases (see Part III) only three of the cases show creatmuria on 
the diet given This creatmuria cannot be attributed to dietary factors 

4 In three of the four instances m which creatmuria occurred, 
there was a distinct ele\ation of the creatin of the plasma, but in the 
fourth instance it v as only 1 3 mg per hundred c c 

5 Two cases, one on two observations, showed very high values 
for creatmin in whole blood (4 6, 5 2 and 6 0 mg per hundred cc ) 
with normal ^alues for total nonprotein nitrogen in the blood It is 
remarkable that in one case in which a third creatmin determination 
was 'done, the value fell to normal simultaneously with marked clinical 
improvement of the patient 

6 Fully one-fourth of the cases show an abnormally low creatmin 
elimination, not attributable to diet (starvation) But, as Shaffer °° 
pointed out, this is seen in a large variety of pathologic conditions and 
IS not characteristic of any particular disease group 

7 About one-third of the cases did not reach the level of nitrogen 
elimination indicated by the diet m the three day period allowed 

8 Only two cases out of the entire series show an abnormal eleva- 
tion of the total nonprotein nitrogen of the blood 

9 In Table 2 are presented ten cases In nine of these, at least 
two determinations at different stages of the disease were made 
Seven of these show a fall in the creatin content of the blood simul- 
taneously with clinical improvement Two showed the opposite One 
shows no change in the creatin content of the blood, and no change 
clinically 

SUMMARY 

1 Determinations of the creatin, creatmin, and nonprotein nitrogen 
of the blood and urine of forty cases of arthritis and nine normal con- 
trols are presented About one-half of the cases of arthritis show an 
abnormally high value for blood creatin 

60 The average normal values for creatmin m whole blood are generally 
given as from 1 to 2 mg’ per hundred c c There is a great discrepancy regard- 
ing normal average values for creatin Hawk (Loc Cit ) gives 3 mg per 
hundred c c Hunter and Campbell give 5 52 (uncorrected) mg per hundred 
c c Our own figures are somewhat lower, 4 3 mg per hundred c c 
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2 A certain number of patients show a decline in blood creatin 
simultaneous with clinical improvement 

3 Only three of the cases show creatinuria 

4 Only two cases show an abnormal elevation of nonprotein 
nitrogen of the blood 

5 Figures are presented which suggest that a considerable amount 
of creatin is occluded in the precipitation of the proteins of whole 
blood and plasma 



STUDIES ON ARTHRITIS IN THE ARMY BASED ON 
FOUR HUNDRED CASES 


V ROENTGEN-RAV EMDENCES, CLINICAL CONSIDERATIONS, TREATMENT, 
SUMMARY, CONCLUSIONS AND CLINICAL ABSTRACTS 
OF CASES STUDIED 

RALPH PEMBERTON, MD 
Alajor, M C, U S Arm}^ 

PHILADELPHIA 

ROENTGEN-RAY EVIDENCES 

Roentgen-ray studies were made m all cases of the 400 in which 
there was any suspicion that there might be additional evidence dis- 
coverable by these means One hundred and seventy-nine series of 
plates were made, langing from one to twenty plates in any given series, 
and the percentage of positive findings justified omitting recourse to 
the roentgen ray in the absence of such suspicion 

The total number of cases of arthritis studied was 400 One hun- 
dred and forty-seven cases, or 37 per cent , were studied with the 
roentgen ray Forty-six cases, or 31 per cent of the 147, gave positive 
roentgen-ray findings The forty-six cases giving positive roentgen- 
ray findings constituted 11% per cent of the whole series of 400 cases 
In other ivords, making allowances for cases which may have been 
overlooked, it is clear that a relatively small number of the entire 
series, say less than 15 pei cent , showed evidences of bony change 
when examined by the roentgen ray 

This IS of some interest in the light of our being able to date the 
onset of arthritic manifestations in most cases from a ceitain given 
period, and often abruptly from a fixed date It is not at this time 
possible to give the approximate duration of disease necessary in these 
cases for the pioduction of bony change giving roentgen-ray evi- 
dence, but It IS clear in the group studied that arthritis, and its accom- 
panying phenomena, may exist foi many months, pioducmg gross 
superficial changes without resulting in evidence that the roentgen ray 
can detect, except in the increased shadows of the soft parts 

It IS common experience in civil life that the bulk of patients pre- 
senting chronic arthritis show definite roentgen-ray evidences by the 
time they apply for treatment It early became apparent, however, in 

*I desire to express obligation for the helpful cooperation of Lieut 
Milton C Gloier M C, chief of the roentgen-raj laboratori^, and Lieut 
William A Neiiell M C 
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this senes that for purposes of determining the severity of symptoms, 
or presenting evidence before disability boards, negative roentgen-ray 
findings could not be depended on as proof that disability did not exist 
It was 111 some cases a matter of the greatest difficulty to decide 
whether the patient did or did not have pain or limitation of function 
Of completing our analysis of 420 cases, we came to regard roentgen- 
ray evidences as implying in general a marked degree of chromcity 
Practically all of the advanced changes met with in civil life were 
reflected in this series, and certain soldiers showed the most pronounced 
pathologic evidences from the roentgen-ray standpoint 

The cases m which, perhaps, roentgen-ray evidence was most fre- 
quently desired but was apt to be lacking were those in which dis- 
abilities were referred to the back, including spondylitis, paravertebral 
myositis, sacroiliac disease, etc , m which differential diagnosis was 
difficult The evidence was frequently deficient m these cases, not 
only because good roentgenograms of the spine are often obtained 
with difficulty, but because much time is required for an arthritis of 
the several articulating vertebial structures to exhibit pathologic proc- 
esses detectable by the roentgen ray 

In making provision for the treatment of a group such as has been 
considered here, elaborate roentgen-ray equipment and a well experi- 
enced personnel would be essential 

CLINICAL CONSIDERATIONS 

A clinical survey of the topic herewith presented develops a number 
of points of interest The cases occurring under military conditions 
differ from those met with in civil life in respect, chiefly, of the age, 
the immediately exciting factors and the greater tendency to improve 
It was found that nearly all types encountered m civil life were repre- 
sented, although the incidence of some varieties was different In gen- 
eial, the age of the individual and the relatively limited chromcity of 
the disease precluded the occurrence of gross lesions of the degree and 
frequency met in the later decades of life It was in some part 
because of this limited organic change that gratifying end-results could 
be achieved, making this group particularly worthy of therapeutic 
effort Although chronic arthritis in the young is not a rare disease, 
and some of the most refractory cases occur at this age, nevertheless. 
Its frequency is vastly increased by war conditions, and this situation 
presented unusual opportunity for observing the problem in large 
numbers of men from a new angle 

Because of the lesser frequency of structural bony change, and the 
gross evidence thereof, it was sometimes difficult to reach decisions as 
to the existence or degree of disability As mentioned under the 
section on roentgen-ray findings, cases involving the spine and sacro- 
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iliac joints presented the greatest difficulty in diagnosis There ■\\ere 
many instances of lowered function in bending forward, accompanied 
often by some pain in the lower spine, m the paravertebral regions, or 
m the sacroiliac joints, although outstanding and seiere disabilities of 
this nature were not of great frequency^ 

The minor neuroses, sccondar}’’ to illness and war conditions in 
general, often complicated the picture A certain number of cases 
showed acute tenderness to pressure at and below the costal borders 
posteriorly, suggesting, but not simulating, lumbago 

A small number of cases called to mind the picture presented by 
certain supposedl} neurotic conditions, unaccompanied by organic 
change, in which the individual bends forward as though the sub- 
ject of advanced vertebral disease (Case 48, Jansen) Under the 
heading “camptocormie , spond 3 dose antalgique” and other titles, the 
French ha^e diiected considerable attention to this subject, and the 
diagnosis between it and spondylitis deformans is acknowledgedly 
difficult - For the reasons mentioned under the preceding paragraphs 
and under "Roentgen-ray Evidences,” the conclusion was reached that 
in the presence of disabilities referred to the back as a whole, it was 
unsafe to deduce without prolonged, exhaustive obser\ation that 
organic disease was not present 

The exciting factors other than exposure, need a little comment 
It IS somewhat surpnsing that dysentery should occupy the second 
place The evidence respecting this and the next most frequent excit- 
ing factor, "flu,” was obtained from the service records of the men, 
and from a very close questioning as to their whereabout and con- 
dition at the time of the onset of the arthritis, and is hardly open to 
serious error The arthritic attack came on at all stages of the appar- 
ently causatne disease, but one interesting point nas deA eloped in 
respect'^of the occasional onset of rheumatic disability nearl} or quite 
coincident with com alescence, uhen the conditions of life were not 
adequate to explain it This point is deserving of further scrutiny, 
and was illustrated in about thirteen clear instances of uliich the fol- 
lowing cases are typical Only the last 150 cases, or so, were closely 
analyzed m this regard, but other cases seen earlier uill be suggested 
by reference to the "Clinical Abstract of Cases Studied ’ 

1 A brief but comp^ehensl^ e sunej of back disabilities in the army is 
gnen by SIler^\ood and Jones (J A M A 72 1599 [May 31] 1919) They 
call attention to the frequency of sacroiliac conditions, the infrequenc 3 of 
malingerers, and the great difficult in reaching a correct diagnosis This is 
in agreement ith our experience 

2 Hall, G W Camptocorniia (Bent Back), J A A 72 547 (Feb 22) 

1919 Sahba, John A.ntalgic Spinal Distortion JAM A. 72 549 (Feb 22) 
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CASES OF ARTHRITIS OCCURRING DURING CONVALESCENCE 

Case 1 — Miss T , aged 24 years, army nurse corps, contracted influenza at 
Camp Grant Oct 11, 1918 She was sick for four days and after two days of 
convalescence, up and about, returned to duty In about a week she developed 
pleurisy and went to bed for about four weeks At this time the effusion, which 
was serous, had apparently been absorbed and she was allowed to get up 
After three days of convalescence, up and around the w'ard, she suddenly 
developed multiple severe arthritis which still incapacitated her, with some 
active symptoms as well as sequelae, eight months later Dental foci of infec- 
tion were removed at Camp Grant by extraction of teeth Another dental focus 
was remoAed Ma> 2, 1919, at U S Army General Hospital No 9, Lakewood, 
N J The tonsils w^ere reported negative The genito-urmary tract Avas not 
examined 

Case 2 — Pmate Reap, aged 25 years, did full infantry duty in France until 
Sept 27, 1918, Avhen he Avas knocked doAvn by a high explosive shell but was 
otherAvise uninjured Six hours later he received a perforating Avound of 
the right leg from a machine gun bullet He reached a base hospital four or 
fiA’’e days later and Avas in bed for three Aveeks A Aveek or tivo later, Avhile 
going around on crutches, arthritis developed, first in the knees then in the 
hips and shoulders He made a full recoA'ery in the presence of a dental focus, 
although for some months he Avas rather depressed psychically 

Case 3 — Sergt Herron (Case 60), aged 24 years, Avhile doing full duty in 
the field artillery Avas operated on for a ruptured gangrenous appendix in 
February, 1917, folloAved by drainage for seventeen days About April, 1917, 
after recoA'-ery, he Avas returned to light duty About May 1, 1917, he first 
noticed aching in his hips He had never had any previous attacks of rheu- 
matism and could not ascribe the onset to exposure to cold or Avet In a feAv 
days, hands, fingers and knees became involved, but after running a protracted 
course, he Avas returned to full duty In June, 1918, he contracted influenza 
and spent ten days m the hospital He Avas then returned to full duty on 
outdoor Avork, but Avas not exposed to cold or Avet After tAVO Aveeks he sud- 
denly developed an arthritis m the right hip and knee The disease spread 
to many other joints and in June, 1919, he Avas still invalided, suffering from 
sharp exacerbations He had apparently had no foci of infection in the teeth, 
tonsils or the genito-urmary tract at the time of the onset, and no demon- 
strable surgical focus Avas discovered even after repeated examinations at 
U S Army General Hospital No 9 

Case 4 — Private Moore, aged 25 3 ears, gave a history of having had 
rheumatism in the loAver limbs for four w'ceks in 1915 After his recovery, 
tAVO teeth AAere extracted He did full duty in a machine-gun battalion Early 
in October, 1918, he Avas gassed, this Avas folloAved by vomiting and bloody 
diarrhea, lasting about tAvo Aveeks He Avas sent to a field hospital for five 
days, and Avas then returned to full duty A day or two after return to full 
duty, his diarrhea and vomiting having both ceased for a similar period, rheu- 
matism came on in the right ankle AA'hile marching, spreading in a feAV days 
to the knee and back He made full recovery in the presence of a probable 
focus in the tonsils 

Case S — Lieut Jaycox, infantry, aged 54 3 ears, had never had a previous 
attack of rheumatism and did AVork as transport officer in the Argonne sector In 
the last Aveek ot July, 1918, dysentery developed It ceased about September 1 
After this attack he returned to full duty, the diarrhea remaining m abeyance 
AAithout medication ToAvard the end of September he suffered for three or 
four da 3 's Avith some diffuse stiffness October 1, he Avas sharply incapacitated 
bA" inAolvement of the right shoulder, knee, ankles and lumbar spine This 
officer made a considerable but sIoav improvement in the presence of a tonsillar 
focus, remoAal of Avhich AAas contraindicated 
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Case 6— Private Tmgue (Case 95), aged 27 years, had had rheumatism of the 
left knee at the age of 14 He did full duty overseas In August, 1918, he suf- 
fered from dysentery which he says was epidemic in the division at that time 
The dysentery lasted about two weeks and then practically ceased After ha\- 
mg had no medicine for his bowels for two or three days, and while doing 
full duty, both knees became swollen, confining him to bed His hips and 
left shoulder became involved later He occasionally had a return of the loose- 
ness of the intestines in the hospital, but never more than three or four times 
a day He was still invalided in May, 1919, during which month a tonsillar 
focus was removed at U S Army General Hospital No 9 

It IS, of course, entirel}'^ possible, theoretically, that when exposure 
acted as the exciting agent m producing arthritis, it did so through the 
intermediation of a focus of infection by lowering the general resist- 
ance to such infection or by favoring the growth or extension of such 
a focus until it assumed systemic importance It is unnecessary to 
assume such intermediation, however, m the instances caused by 
dysenteiy and influenza, although it may exist The large indepen- 
dence as regards focal infection shown by these men during their con- 
valescence, the abrupt onset following exposure in many cases, the 
absence of demonstrable foci m many, the failure of removal of foci 
to affect some, and other considerations, make it unsafe to assume 
that all cases are caused by this intermediation It is probable that 
the question cannot be settled as yet, and that we must admit the 
possibility that exposure per se is capable of inducing ‘'rheumatic” 
disability 

Very few of the 400 patients studied presented any important 
intercurrent conditions " Cardiac involvement was negligible, except 
111 a few who gave clear histones of acute inflammatory rheumatism 
This bears out the experience of civil life m which there is apparently 
complete independence of chronic arthritis and cardiac affections, 
although acute inflammatory rheumatism, complicated, by valvular 
disease, may, of course, be subsequently followed by chronic arthritis 
It IS possible that the emphasis placed on cardiac examination m the 
draft largely prevented the occurrence of such types 

Although many of the cases of this series had a febrile onset, prob- 
ably in only a small number was this representative of what is properly 
known as acute inflammatory rheumatism A small number of cases 
under our observation ran an acute inflammatory course, with effusion, 
swelling, pain and loss of function These patients made a rapid con- 
valescence and sometime later, developed another attack but could not 
properly be classed as cases of acute inflammatory rheumatism On 
several counts it seems clear that in addition to the low grade fever 
sometimes encountered in chronic arthritis, this disease may manifest 
Itself m sharper outbreaks with higher fever, shorter course and no 
residual arthritic or caidiac pathology It is difficult or, perhaps, 
impossible at present to draw a line sharply between chronic arthritis 
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which includes these occasional manifestations and acute inflammatory 
rheumatism itself, and several cases of this series appeared to merge 
from one condition into anothei 

Acute inflammatory rheumatism, and the accerbations of chronic 
arthritis, or even chronic arthritis itself, seem, therefore, to differ in 
degree rather than in kind, except that circulating bactena may cause 
valvulitis, emboli and sepsis True sustained inflammatory rheumatism 
with valvulitis is probably due to bacterial infection only The acute 
exacerbations of chronic arthritis may apparently occur in the absence 
of bacterial infection and may follow other causative agents In both 
conditions, however, the arthritic phenomena probably result from 
some common intermediary step, such, foi example, as that productive 
of a lowered carbohydrate tolerance, secondary to focal infection or 
other agencies 

The present series afforded interesting data as to the unusual mani- 
festations which the "rheumatoid” state may sometimes induce 
Case 22 (Oberg) described in detail under “Dietary Considerations” 
and under, “observations on the blood sugar,” was a case in point 
From the clinical standpoint, there is apparently no room for doubt 
that the pleuritic manifestation m the left chest occurred as an exacer- 
bation during improvement and was referable to the underlying cause 
of the arthritis Following, as it did, closely on effusion into a knee 
joint and being accompanied by fever of only trifling degree, and by 
slight signs of effusion in the chest, it was at the time regarded as 
being rheumatic rather than infectious or bacterial in the usual sense 
The next manifestation corroborated this view A few days later, the 
patient developed all the clinical signs of a mild phlebitis with very 
slight fever, great edema of the leg, tenderness, and a mass in the 
upper femoral region This, m turn, subsided 

Another case m point was that of a man (Folden, Case 63), aged 
24 years, a railroad section hand in civil life, who for ten years past 
had had arthritic pains, worse in bad weather, chiefly in the right leg 
He had suffered intermittent disability since induction, but improved 
sufficiently to go “over the top” once In the course of shifting and 
progressive disability in his left leg and elsewhere, and about four 
weeks after removal of his tonsils, which constituted the only focus 
he developed apparent obstruction to the circulation of that leg, char- 
acterized by swelling, cyanosis, tenderness and enlargement of the 
inguinal lymphatics with tenderness over the popliteal and femoral 
^ essels This condition suggested phlebitis because of the great 
enlargement of the calf and cyanotic appearance of the whole limb, 
and vas quite atypical of rheumatoid manifestations at large It was 
apparently truly rheumatic, however, and was associated with pains at 
the costal border posteriorly, nearly complete loss of function of the 



PEMBERTOh —ARTHRITIS 


3S7 


left arm from arthritis and myositis, and fever as high as 101 F It is 
not inconceivable that we may come to regard certain inflammations 
of the serous membranes, such as the pleura, unaccompanied by any 
frankly rheumatic phenomena, as fundamentally referable to the same 
pathology which more frequently causes inflammation of the synovial 
membranes of joints and the other evidences of arthritis 

Studies of the morphology of the blood revealed little of interest 
Considerable attention was directed by First Lieut J W Shernl, 
director of the general laboratory at U S Army General Hospital 
No 9, to the examination of blood smears, but no noteworthy depar- 
tures were detected as to the types of cells encountered, platelets, oi 
other elements of the blood morphology The only point deserving 
of mention is the rather large number of differential blood counts 
showing a relatively low peicentage of polymorphonucleais with a 
corresponding increase of the mononuclears It could not be deter- 
mined that this bore any relation to the severity or stage of the dis- 
ease The polymorphonuclears were 55 per cent or less in 21 per 
cent of the cases studied They were 50 per cent or less in 8 per cent 
ut the cases studied ^ A normal or higher percentage of polymorpho- 
nuclears was a frequent concomitant of the most severe and refractory 
types of cases 

Twenty-eight cases, or 7 per cent of the 400 cases analyzed, showed 
a leukocytosis above 11,000 and under 13,000 Twenty-eight cases, oi 
7 per cent of the 400 cases analyzed, showed a leukocytosis above 
13,000 Fifty-six cases, therefore, or 14 per cent of the 400 cases 
analyzed, showed a leukocytosis of more than 11,000 These figures 
are based on the series as a whole, irrespective of types, chronicity or 
seventy of the disease, but do not include changes due to mtercurrent 
conditions 

Flatfoot sometimes added to the difficulty of both diagnosis and 
treatment, and is a factor that should be considered in any large pro- 
vision for a group such as the present The time and attention required 
for the proper care of this condition could not be afforded at the hos- 
pital, although some of these cases were secondary to the arthritis after 
long invalidism 

In the past, much attention has been given to the clinical classifica- 
tions of the various types of arthritis It is now becoming apparent 
that a new and simpler classification is needed This is indicated in 
part by the role which foci of infection are known to play in arthritis 
at large The data afforded by this senes of cases as to the frequency 
with which varying types may follow exposure, dysentery or infectious 

3 Owing to the closure of the hospital and the subsequent inaccessibility 
of many records these percentages are based on full differential blood counts 
in 178 cases 
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diseases of almost any kind, and the common response of many of 
these different types of cases to several lines of therapy, is furthei 
evidence of the common origin of many of them There are undoubt- 
edly cases 111 which h)^pertrophy and overgrowth of bone form the out- 
standing evidence There are other cases m which atrophy of car- 
tilage and bone is the predominating factor It is possible, however, 
in the majority of cases, sooner or later to demonstrate evidences of 
both processes, although there are types of arthritis which must, as 
yet, be left within classifications of their own, for example, osteitis 
deformans It seems more rational, in the light of our present knowl- 
edge, to regard the usual types as referable fundamentally to the same 
pathologic factors, influenced in certain cases toward the production 
of one clinical picture and in other cases toward another 

TREATMENT 

The present studies as to the nature and best treatment of arthritis 
m the army were undertaken with the intention of finally translating 
overseas, to the site where most cases develop, those methods and 
conditions which had been found to give the best results and reach 
the largest number No attempt was made to exploit any particular 
kind of therapy, as it was believed that only experience along various 
lines with this unusual group could indicate the varieties and standards 
of treatment best adapted to the given conditions This belief was 
borne out in a practical way 

It would seem on superficial analysis that a group of cases of 
chronic arthritis of the size here presented would provide experiences 
m the various forms of therapy applied to this disease on unusually 
large scales It is true, that opportunity was afforded for carrying out 
any given line of treatment at some length, but as stated under “Clinical 
Considerations” the group here discussed presented one outstanding 
departure from the group of arthritics encountered in civil life, namely, 
in respect of the greater tendency of the soldier to improve or recover 
in the majority of instances, if given a fair chance A large number 
of patients were recovering on admission or had recovered following 
nothing more fundamental than rest and external measures, notwith- 
standing severe and protracted invalidism This fact, together with 
our own experiences, forced on us consideration of the results obtained 
hy the expectant plan of treatment when based on such measures as 
baking, massage, hydrotherapy, electricity and the like These had 
consequences much more encouraging than are encountered in civil life, 
and led us to postpone certain more radical types of treatment until 
they were clearly indicated It became obvious that for the group, as 
a whole, the importance of the above external measures, as adjuvants, 
at least, would have to be recognized, although this conclusion did not 



PEMBERTOK —ARTHRITIS 


359 


apply to the most se\ere cases and cases of longest duration m 
the same degree and large, this group, as a whole, constituted an 
unintended experiment on a large scale m the artificial induction 
through the hardships of warfare, of rheumatic alfections m }oung 
men of an age least frequently attacked by them 

It must be clearly emphasized, howe^ er, tliat the kinds of treatment 
which received greatest emphasis were, first, those based on attempts 
to disco\er and remove foci of infection nhen present, and second, 
those based on local and external measures Other fonns of therapy 
figured less conspicuously As mentioned elsewhere, every case pie- 
sentmg on the service was thoroughly analyzed by the ear, eye, nose 
and throat department, the genito-urmar}^ department and the dental 
department for evidences of focal infection, irrespective of whethei 
the patient presented active symptoms or was entiiel)’’ cured of the 
disease for ivhich he nas imalided This was, of course, additional to 
a complete routine physical examination, including blood counts, Was- 
sermann test, etc , made on admission The analysis for foci and the 
action based thereon were the premise from which all other therapy 
started, and anything else undertaken was additional to the pnnciple 
of remoi mg causative surgical pathologic conditions Additional ther- 
apy was instituted either pending improvement from this source or 
after efforts along these lines had failed The position was taken that 
it was philosophically unsound to attempt to treat these patients by 
other means in the presence of ^emo^able and potentially causative 
surgical processes There were, of course, many instances m winch 
the existence of a surgical lesion or its relation to the disease were m 
question, but wherever possible, the soldier uas gnen the benefit of 
the doubt The exceptions to this rule were made in those cases m 
which operative procedure was contraindicated, or where aftei recov- 
ery, such procedure was refused by the soldier In piactically every 
case in whicli the disease was stationary, growing u orse or improving 
unsatisfactorily, operatne remotal was carried out In the case of 
soldiers who had made an essentially complete recoi er}^ on admission 
such action was made optional 

As will be seen in the statistical analysis, the tonsils formed the 
most frequent site of focal infection, and it would seem, from our 
expenence with this large group, that the emphasis placed on these 
tissues in their relation to arthritis is, in general, justified Two hun- 
dred and eight patients had foci in the tonsils, which is 52 pei cent of 
the entire series and 71 per cent of those showing foci 

Thirty-four patients, or 8 I /2 per cent , recovered after the removal 
of foci Thirty-one patients, or 7 % per cent, impro\ed after the 
remo\ al of foci, but the end-result ma} have been favorable in certain 
unlmpro^ed cases ulnch disappeared earl} from obsen^ation 
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The varying opinions held by even experienced observers as to 
the existence of disease in the tonsils, the results of culture and 
section of the tonsils after removal, and the results of tonsillectomy 
itself, ha-\ e emphasized the fact already indicated by others, that it is 
difficult or impossible to be sure that tonsillar infection does not exist, 
except after thorough enucleation Only those most expenenced in 
weighing this point are likely to advance a sound opinion in doubtful 
cases, and even the}'^ may err on either side A detailed consideration 
of this and other points regarding the relation of tonsillar infection 
to arthritis has been well brought out in a recent article by Lillie and 
Lyons The evidence adduced by a large number of cases m this series 
has clearly indicated, as pointed out, an impressive independence of 
focal infections at large, on the part of arthritics at this age as com- 
pared with older subjects On the other hand, it must be granted that 
the conservative step in a refractory case is the removal of focal infec- 
tion, and the apparent normality of the tonsillar tissues at the hands of 
any observer is not unfailing evidence that the tonsils are not acting as 
focal agents It is difficult to steer a mean between these extremes 
It IS probable that for practical purposes it is wiser to regard the rela- 
tive independence of focal infections shown by these young subjects as 
an academic consideration, and to regard possible foci of infection as 
causative agents until proven otherwise 

In thirty-four cases a culture study was made for Stteptococcus 
hemolyticns following tonsillectomy Twenty-one cases, or 62 per 
cent , ^\ere positive for hemolyticns, and thirteen cases, or 38 per cent , 
were negative for this organism 

The removal of dental foci played an important role also, although 
our figures show that dental foci were represented in fewer numbers , 
namely, 33 per cent of all cases, in contrast with 52 per cent of all 
cases showing tonsillar foci It seems fair to say, that clinical observa- 
tion substantiates the relative importance indicated by these percent- 
ages Improvement may be marked after attention to either, but was 
rather more striking m the series in relation to tonsillectomy This 
may easily be explained by the fact that dental foci, unless multiple, 
are actually smaller 

Our figures show that genito-unnary disease afforded only a small 
percentage of the foci met with, and, from the clinical standpoint, in 
only about two of the last 150 cases studied could such infection be 
found to bear any real relation to the arthritis There is, therefore 
relatively little necessity to emphasize treatment of genito-unnary con- 
ditions as part of the treatment of arthritis as a whole among soldiers, 

4 J A M ^72 1214 (April 26) 1919 
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a consideration v.hich would have importance in making- provision for 
the care of larger numbers of arthritics vrere the v.ar stifl in progress ' 

XOXSPECIFIC PROTEIX IXTECTIOXS 

It v.as demonstrated twent}*-five }ear= ago that the course oi 
t}'phosd fever could be influenced favorably by the subcutaneous injec- 
tion of killed t}*phoid organisms, or even pyoc}'aneus bacilli in the 
form of a laccine Since then other pathologic conditions hai'e been 
treated by vaccines on this principle but only vnthin the past five or 
SIX years has it been appreaated that the beneficial effects following 
the mjection of foreign protein may be the results of a nonspecific 
immunologic reaction Zvliller and Lusk ^ first suggested the treatment 
of arthritis by means of nonspecific protein injections and definite 
benefit is knonn to follow these measures in certam t}pes and pro- 
portions of cases of arthritis at large but the method as a whole, is 
in its infanc}* and its basis of action is as yet a matter for speculation " 
It is generally agreed that this form of therapi*. as applied to arthritis, 
achieves :ts best results in the acute forms: subacute and chronic 
anhntis responding less readily, in the order mdicated The cases m 
the present senes to v/hich this treatment v.as given belonged for the 
most pan in the chronic cation' for the reasons elsewhere mentioned 
and opportunit}' to use the treatment v.here benefit was most Ii^cely to 
result was infrequent The method is generally regarded as being free 
from Clanger but Thomas - has reported several untoward results and 
the work of Longcope suggests the possibilit}- of producing nephritic 
lesions b} repeated protein into.xication.* The reactions which accom- 
pany treatment along these lines are generally unpleasant and Sm-der 
has reported gastric hemorrhages and mild hematemesis Cole and 
Miller and Lusk, ha% e cautioned against the indiscriminate use of these 
measures, and Jobling has emphasized the dangers which may follow 
large injections Opinions differ as to the size of the doses to be 
administered and Snc'der advises beginning with small doses of from 
fi-re to ten millions ZTilIer advises beginning with sevent}'-fi%e mil- 
lions and m a recent comprehensi^ e study of the changes in the blood 

5 I am zpQthitd to Czpt George G Smith i£ C US. Army chief of 
me pnito-uma-.' sen see at U S Arm.^ Ge-^e-a! Hosp.tal Xo *9, for his 
helpful anabsis of th s phase of the s-bject. 

6 J A. II A. 66:1755 fjure 3j 1916 

7 A b’Dhograpr: v.ill be foi-nd in “ainical Report of Xonspeci.fic Protein 
Tiierap 3 ' ir tre Treatment of Artnntis” b- R, G S-'-'der- A.'ch I-'t Her 
22:2-g) (Avg) 1918 

8 J A. il A. 69:770 fSepL 8; 1917. 

9. J. Exper II 18:678 1913 

9a Personal commimicatior 
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following such therapy in ten cases of arthritis, Cowie and Calhoun 
used doses of one billion without any reported ill effects 

In view of the conditicTns, however, under which the subjects of 
the present study arose, it was believed safer -and wiser to begin with 
a low average figure The army typhoid vaccine was accordingly used 
in an initial dose of twenty-five million, the second dose, when given, 
being fifty million and the third, seventy-five million Nineteen patients 
recened nonspecific protein injections in a vein of the arm* Of 
these, seven were definitely improved, ten were unimproved and in two 
the results were uncertain Of the seven improved, two were appar- 
ently cured, and of those unimproved, one patient was apparently made 
worse Some of the patients receiving protein injections desired a 
second and even a third dose This was true in one case in which great 
benefit followed the treatment, and in anothei in which only slight 
benefit accrued A rather larger number of patients refused a second 
injection and nearly all the patients suffered a pretty severe subjective 
reaction In slightly more than one-half of the instances, the tempera- 
ture rose to almost a uniform height, from 103 to 104 F 

Ten of these cases were followed in respect of the blood count “ 
In the first se\en cases, the full blood counts and differentials were 
made by Lieut Leslie N Gay, M C , to whom obligation is expressed 
for the care exercised The remainder were made under the critical 
direction of Lieut J W Sherrill, M C , director of the general labora- 
tory, U S Army General Hospital No 9 A full and diffei ential blood 
count vas made immediately before the injection, during the height of 
the reaction, and again twent 3 '’-four hours later In a few instances, a 
count was made shortly after the injection, before the reaction had 
achieved its maximum This series showed the usual picture of an 
initial leukopenia followed b)^ a sharp leukocytosis, during the reaction, 
which averaged 16,470 leukocytes The degree of leukocytosis appar- 
ently bore no relation to the leukoc}U;e count before injection Twenty- 
four hours after the injection, or after the subsidence of fever, the 
leukocyte count showed no important change from its original level, in 
four cases being slightl)'- lower and in seven cases slightly higher One 
patient had a leukocytosis of 11,400 during the reaction, and a delayed 
rise up to 30,000 twenty-four hours after the initial dose, although the 
fe^er had reached its height of 102 5 F four hours after injection 
Fortj’^-eight hours after injection the leukoc 5 rtes were practically at their 
former level One patient in'this series showed no leukocytosis either 
during the reaction or twenty-four hours later after dosage of twenty- 
fi\ e million organisms 


10 Arch Int Med 23 69 (Jan) 1919 

11 To save space the tables are omitted 

itostly ith the collaboration of Capt Louis A Levison, M C U S A 
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In general, the senes showed an absolute as well as a relative rise 
in the polymorphonuclears and a corresponding fall in the small lymph- 
ocytes In one case, at the height of reaction, eight hours after inocu- 
lation, the differential count showed a decrease m the percentage of 
small lymphocytes compared with the formula before injection, and 
twenty-four hours after injection the differential count showed a 
marked decrease in the small lymphocytes but a great increase in the 
large lymphocytes 

Blood counts in this series, as a whole, showed, therefore, corre- 
spondence with the usual experience in this regard In none of the 
smears examined were any pathologic cells seen, and both platelets and 
red cells were apparently normal This is at variance, as far as it goes, 
with the carefully studied series of ten cases reported by Cowie and 
Calhoun,^^ who describe many kinds of atypical cells, but this difference 
may be due to the very much larger dose of typhoid vaccine which they 
employed, one billion as compared with an initial dose of 'twenty-five 
million, and to the fact that they made hourly counts 

It is important and interesting to note that although nonspecific 
protein injections in the form of typhoid vaccine are of some benefit, 
within limits, on diffuse groups of arthritic cases, particularly the acute 
and subacute, the subcutaneous injections, as practiced routinely in the 
army camps on the incoming draft, have been without effect to prevent 
rheumatoid disabilities Inasmuch as these subcutaneous injections 
were always at least three in number, and inasmuch as the febrile rise 
and malaise following them are common experiences, it seems that 
there must take place, at least m a modified degree, some of the sys- 
temic reaction which follows intravenous therapeutic injections Fur- 
thermore, owing to loss of records or other causes, forty-six patients 
had received more than the regulation thiee doses of prophylactic 
typhoid injections (11 5 per cent of the whole series) , some men 
received as many as fifteen injections of the typhoid vaccine during 
their recent army service prior to the onset of the arthritis It seems 
reasonable to deduce, therefore, that there is no prophylactic effect as 
regards arthritis from nonspecific protein administered subcutaneously, 
even after repeated dosage 

The rationale of nonspecific protein injection, when followed by 
beneficial results, has never been explained It is well known to critical 
students of arthritis, that agents which profoundly disturb the existing 
conditions of life, such as the roentgen ray, radium, probably thyroid 
extract, and even such factors as excitement, a fatiguing journey, etc , 


12 Loc cit 
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may be followed by periods of benefit Some of these agents, at least, 
are known to stimulate the body metabolism as a whole and to induce 
increased catabolism 

It IS also clear that a lowered intake of food may be followed by 
unquestioned benefit in a definite proportion of cases This is graph- 
ically exemplified at times, as in several cases of this series (Case 53, 
Mrs K , Case 52, Lynch, see “Dietary Consideration” and “Clinical 
Abstract of Cases Studied”), by the period of enforced starvation fol- 
lowing such operations as tonsillectomy, or abdominal section Under 
these conditions, catabolism runs ahead of anabolism and the body 
draws on its store of glycogen The difficulty in the utilization of 
carbohydrate by the arthritic has been sufficiently developed in the 
chapters on “Blood Sugar” and “Dietary Considerations ” There is 
other evidence to indicate that carbohydrate is caught up in some 
important way in the pathology of this disease 

Barr and DuBois have shown that the respiratory quotients dur-^i^ 
ing the chill of malaria suggest rapid combustion of glycogen stores 
during the violent muscular exercise of shivering Attention has been 
drawn by Cowie and Calhoun to the fact that the characteristic malarial 
chill IS probably an example of protein intoxication and reaction There 
IS every reason to believe that the same rapid combustion of glycogen 
takes place during a severe reaction from nonspecific protein In view 
of the evidence grouped under these heads, it seems possible that the 
benefits from protein injection m arthritis may, in part, result from 
the heightened metabolism accompanying the marked febrile rise with 
consequent combustion of available carbohydrate A factor contribu- 
tory to this may be the incidental low food intake which accompanies 
the usual malaise of twenty-four hours or more That this is the whole 
explanation can hardly be believed, that it supplies some of the con- 
tributory factors seems probable 

DIETARY CONSIDERATIONS 

Experience in civil life with refractory forms of arthritis, has indi- 
cated a definite relationship m certain types of cases between the intake 
of food, on the one hand, and the incidence and perpetuation of the 
symptoms of chronic arthritis on the other This relationship can best 
be illustrated by the fact that m certain cases of arthritis, not amenable 
to other therapy, the patient can be influenced greatly for the better or 
relieved of all symptoms by a sharp curtailment of the food intake as a 

13 See section on Creatin, also, Pemberton, R Am J M Sc 43 678 
(May) 1917 

14 Arch Int Med 21 627 (May) 1918 
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whole Such a reduction can foi purposes of discussion be considered 
in terms of the total calories involved, but evidence at hand has indi- 
cated that the carbohydrates may be the most concerned of the three 
foodstufifs It IS not intended to set forth here the observations form- 
ing the basis for this conclusion, as these have been elsewhere 
reported Experience in this connection, however, formed one of the 
influencing factors m determining the lines of attack on the present 
problem as a whole, and afforded one of the several lines of therapy 
undertaken in this series Several instances will be cited in detail 
because of tlie further evidence they afford of the practicability of these 
methods, and of certain other points of interest relating to the nature 
of the present problem As mentioned under the opening paragraphs 
on “Treatment,” the number of patients treated by dietary means was 
smaller' than the number of artliritics in this series would suggest, a 
prion, as available to any measure The factors which made for other 
and simpler forms of treatment for this group, however, have been 
emphasized sufficiently It has been pointed out m previous contribu- 
tions, that treatment by these dietary measures should be reserved 
almost exclusively for those cases which are demonstrably not caused 
by infectious foci, cases in which the removal of foci is contraindicated, 
cases not accompanied by undernutrition, anemia, etc , and, in short, 
for that group of cases m suitable condition which has failed to respond 
to other measures The evidence indicates that therapy along this line 
achieves its result primarily more by catering to a weakened function, 
than by removing the cause of that weakened function, although in the 
end that function may by these means be improved or restoied to^ 
normal It is, therefore, essentially an unsound policy to attempt 
relief of symptoms by dietary control m the presence of the demon- 
strably removable cause of these symptoms Apart from this, dietary 
procedures of whatever kind, and particularly in the present connec- 
tion, involve much cooperation on the part of the patient and con- 
siderable time, for which reason, even under the condition of civil life 
when patients are often willing to make any and all sacrifices to obtain 
relief, this form of therapy is to be employed only after full considera- 
tion On first analysis it would appear that the conditions of a mili- 
tary hospital would insure control of the patients, with consequent 
cooperation from them far in excess of what might be expected in 
civil institutions, but experience has shown that this is not the case, 
except m respect of clearcut objective procedures, such as operations 
and the like which can be carried out with the efficiency of a military 
command The youth of most of the patients, the shorter duration of 
the disease, the fact that these subjects had not suffered invalidism to 
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that degree which makes them willing to undergo protracted sacrifice, 
the loss of morale resulting progressively from treatments in many 
hospitals on their way back from the front, with small resulting benefit, 
all added cogency to the reasons mentioned for withholding these mea- 
sures until clearly indicated There can be no doubt, however, of the 
results achieved in this series m some selected cases and the application 
of these measures to the problem in hand can probably be best illus- 
trated by a recital of a few of them, following this with a considera- 
tion of the points developed and a general discussion 

The undesirability of approaching the whole topic from too aca- 
demic a standpoint, and of adding to the number of hospital days, was 
kept constantly before us In carrying out the dietary measures here 
recorded, the effort was made to obtain results m the quickest manner, 
although It was appreciated that the opportunity for interesting con- 
trasts in results was often thereby renounced Thus, it will be noticed 
m the diets administered on the principle of a lowered intake, that not 
only were the calories reduced, but the proportions of the foodstuffs 
believed to be most advantageous were provided, notwithstanding that 
further data are desirable on the role played by the three foodstuffs 
uninfluenced by conditions of low feeding as a whole 

Case 1 — Robbins, aged 25 years, a lieutenant in the infantry, had suffered 
from an attack of inflammatory rheumatism nine years previously After 
experiencing some disability m one shoulder for more than two months, appar- 
ently induced by bayonet drill, he was admitted with a painful and swollen 
left ankle to the base hospital at Camp Lee whence he was transferred to U S 
Army General Hospital No 9 Capt W W Gailey, Jr, chief of the nose and 
ithroat department at U S Army General Hospital No 9, reported that he did 
not think it possible that the tonsils could serve as foci of infection Therefore, 
they were not removed and examination of the sinuses, teeth and genito-urinary 
tract proved conclusively negative The patient had taken at one time as much 
as 90 grains of acetylsalicylic acid per day without relief He was seen Novem- 
ber 24 in consultation with Lieut -Col J C Gittings, chief of the medical service, 
and the conclusion was reached that he was not improving, but it was decided to 
wait another week in order to make sure of this December 3 it was agreed 
that more active steps should be taken and he was placed on a diet It was 
also agreed that any change noted could properly be ascribed to the new 
regime established 

Observations of the food intake of this officer for a period of about a week 
showed that he was ingesting an average of about 3,750 calories per day, which 
included about 700 calories from candy, of which he was very fond Of this 
food intake about 12 per cent came from protein, about 29 per cent came from 
fat and about 50 per cent came from carbohydrate 

14 As mentioned in previous publications, it has been found convenient to 
estimate food values by reference to “Food Values,” Edwin A Locke, and 
except where the data for any given foodstuffs could not be found, these tables 
Mere used by the dieticians m charge of food estimated or prepared on the 
arthritic service 
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December 3, he was placed on a diet of 2,051 calories, of which about 10 per 
cent came from protein, 52 per cent came from fat and 38 per cent came 
from carbohydrate 


BRCAKrAST 


1 apple 

1 egg 

Bread 

Blitter 

Sugar 

Milk 

Coffee 


LUNCH 

Bouillon 
Lettuce 
Ma3'onnaise 
String beans 
Bread 
Butter 
Orange 
1 egg 

SUPPER 

Steak - 

Bread 

Butter 

Tea 

Sugar 

Milk 

Beets 

Lettuce 

French dressing 
1 apple 

Total calories 



Calories 

150 gm 

72 

50 gm 

83 

60 gm 

162 

15 gm 

120 

20 gm 

80 

60 c c 

39 


180 c c 


40 gm 


1 t’blespo’n 

187 

100 gm 

17 

30 gm 

80 

10 gm 

80 

250 gm 

95 

50 gm 

83 

50 gm 

143 

60 gm 

160 

15 gm 

120 

20 gm 

80 

60 c c 

39 

100 gm 

40 

40 gm 


2 t blespo’n 

298 

150 gm 

72 


2,051 ’ 


Four dajs later he could move around without crutches, having been prac- 
tical!}' bed-ridden before After eleven days the improvement was marked 
and he had no conspicuous ache m the hip, shoulder or elsewhere, the residual 
points of tenderness being few 

After this abrupt change in his condition there followed a gradual and 
progressive betterment Except for occasional fluctuations, which grew fewer 
in number and less severe, and changes’ in the distribution of involvement, this 
case showed, as do most cases which improve along these lines, amelioration 
of the original picture until few and finally no joints were involved This 
officer lost 10 pounds in weight and finally reached an equilibrium His food 
intake was then increased by one egg, and finally by olive oil to bring his 
calories up to about 2,500, of which about 8 per cent came from protein, 62 
per cent came from fat and 30 per cent came from carbohydrate At this 
point he was playing golf and walking about seven miles a day in apparently 


IS It IS to be appreciated that trifling differences occur in the caloric values 
quoted for %arious articles of food, according to the table from which these 
^alues are obtained It will, therefore, sometimes happen that there may be 
an apparent discrepancy of a few calories between the numbers indicated m 
the text and the summation of the detailed diets, but these are within the 
inevitable error in the administration of mixed foodstuffs at large 
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perfect health Because of his desire to insure maintenance of his improve- 
ment, he was allowed to remain at the hospital until May, having by that time 
been essentially well for two months, so that opportunity was afforded to 
obsene not only the original improvement but also its establishment 

The sugar tolerance displayed by this patient on four occasions is 
illustrated by the two composite curves on Chart 9 (page 268) The 
first two curves were taken during ill health .and showed a definite, 
although moderate elevation , the last two curves were obtained during 
convalescence and good health, respectively, and gave essentially normal 
values They illustrate that the sugar tolerance may return to normal, 
coincident with improvement of the individual by restriction of diet 
Observations were also conducted on the basal metabolism and blood 
and urinary creatin and creatinm of this subject 

In contrast to this case is the following 

Case 2 — Sergt Lowe (Case 14), aged 42 years, had been invalided for two 
years from progressive polyarthritis, involving all joints, without any con- 
siderable limitations m their range of motion, if cautiously and slowdy carried 
out This case was apparently of the so-called dry or fibrous type, character- 
ized by few roentgen-ray changes even after a long period, although these 
were demonstrable along the phalanges of the hands This soldier had had 
no less than thirteen different kinds of therapy without avail His food intake 
averaged about 2,459 calories, but after sharp reduction of his diet m varying 
degrees for twelve days apparently no benefit accrued, and efforts along this 
line were discontinued 

What might have happened had a restricted diet been longer admin- 
istered cannot be stated, but experience with other refractory cases 
of this series at least suggests that a combination of treatment on this 
basis, supplemented by other measures, might have yielded more favor- 
able results One of the lessons learned from this series is that com- 
binations of treatment will sometimes effect improvements, if a favor- 
able basis be established first, when single lines of effoit fail, as is 
shown by Case 3 

Case 3 — Sergt Hayes (Case 6), aged 29 3 'ears, v\as invalided for two years 
He presented widespread deformity of the phalanges of both hands with peri- 
articular soft tissue involvement, ankylosis of the right w'rist, great tenderness, 
boggyness, swelling and redness of the left wrist At the outset there had 
been immhement of the feet, but this had disappeared The teeth and genito- 
urinarj tract were entirely negative A tonsillectomy was performed Decem- 
ber, 1918 Eight weeks later there was no improvement to be detected It was 
then decided to place him on a restricted intake of food Observation of this 
soldier’s ingestion of food for eleven days gav'^e an average intake per diem 
of 3,000 calories, of which about 15 per cent came from protein, 39 per cent 
from fat and 46 per cent from carbohydrate He was then placed on a diet 
of 2,051 calories, of wdiich about 8 5 per cent came from protein, 50 per cent 
came from fat and 41 5 per cent came from carbohjdrate, beginning January 11 


16 See appendix of case histones 
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1 apple 

1 egg 

Bread 

Butter 

Milk 

Sugar 

Coffee 


BREAKFAST 


Calories 


ISO gm 72 
50 gm 83 
30 gm 81 
15 gm 120 
60 c c 40 
20 gm 80 


Bouillon 
1 egg 

String beans 

Lettuce 

Mayonnaise 

Bread 

Butter 

Orange 


LUXCH 

180 cc 

50 gm 83 

100 gm 17 

40 gm 

1 tablespoon 187 
30 gm 81 

10 gm 80 

250 gm 96 


SOPPER 


Steak 

Beets 

Lettuce 

French dressing 

Oil 

Bread 

Butter 

Sugar 

Milk 

1 apple 

Total calories 


50 gm 143 

100 gm 40 

40 gm 

2 tablespoons 296 
IV 3 tablespoons 161 
30 gm 80 

15 gm 120 

20 gm 80 

60 c c 40 

150 gm 72 


2,052 


Twelve days later there was unquestionably less tenderness and swelling 
and probably greater freedom of movement in the left wrist than at any time 
during the two months of observation, and there had also been for nine da>s 
distinctly less aching, of which there was at times entire absence This 
improvement was noted by many observers, and was maintained with some 
further improvement until February 2 About this time his condition became 
stationary after an improvement of about 50 per cent , and remained so for 
some weeks under the same conditions In this period he had been made to 
lead a very quiet life and had lost about ZVz pounds in weight In the effort 
to hasten progress, he was given two days of sharp fasting (March 7 and 8 ) 
on 857 calories without appreciable results This period w'as started by a dose 
of calomel which upset him considerably and may, m some degree, have com- 
plicated the issue After subsidence of his gastro-intestinal disturbance, he 
w'as given unrestricted diet until March 23 wdien he w^as placed on about 1,400 
calories, plus potassium lodid, 5 grains, three times daily, cod liver oil emul- 
sion, SO per cent , 8 c c three times daily 

No further benefit resulted from this by April 4, although the improvement 
was well maintained He was then put on a full diet for three days, and 
on April 9 he w’as again placed on the original diet of 2,050 calories, plus 
cod liver oil and potassium lodid To this regime a daily sweat of fifteen 
minutes m a hot pack was added After about tw'O weeks the hot pack was 
substituted by a whirlpool bath, with water at about 1(X) F for the left arm 
and this was also productive of profuse general perspiration The swelling 
undoubtedly greatly subsided in the left wrist and he confessed to feeling much 
less tender on palpation May 8 , under maintenance of this regime, the left 
wrist had assumed a practically normal appearance and his condition could 
conservatively be estimated as improved at least 90 per cent 
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This case illustrates that after the institution of a reduced diet with 
evidence of progress as a result of the removal of a “metabolic load,” 
the patient’s condition may then remain in statu quo but that other 
agencies acting on such a basis may then suffice to influence greatly 
the residual arthritis-, although unequal to this end alone 

Case 4 — Miss H, army nurse corps, was taken sick overseas in Januar 3 % 
1919, and invalided home with pain, supposedly of sciatic nature on the right 
side, marked disability of the left shoulder and some disability of the right 
hand She i\as admitted to the hospital January 25, complaining of the abo\e 
S 3 raptoms, and mostly of aching at night Examination of her teeth, nose 
and throat revealed no surgical foci, the tonsils being particularly inconspicu- 
ous and apparently innocuous No gynecologic examination uas made In 
view of her previous robust health and hard work in the army hospitals, it 
was believed that rest would relieve her symptoms, but after two months, dur- 
ing w'hich she had had a sick leave, she was worse than on admission, and it 
was decided to place her on a limited diet 

Estimation of her food intake for a few days revealed that she w'as eating 
at least an average of 2,000 calories, about 17 5 per cent of which came from 
protein, about 40 per cent came from fat and about 43 per cent came from 
carbohydrate As she was fond of eating between meals, however, it is prob- 
able that her intake occasionally went above this point In view of these figures, 
however, April 18 she was placed on the following fixed diet of approximately 
1,700 calories, distributed as follows 10 per cent from protein, 62 per cent 
from fat, and 28 per cent from carbohydrate 




Calories 

1 orange 


250 gm 

96 

2 eggs 


100 gm 

166 

Bread 


30 gm 

81 

Butter 

Coffee 


15 gm 

120 

Milk 

LCNCII 

60 c c 

40 

Bouillon 

Lettuce 


180 cc 


Mayonnaise 


1 tablespoon 

187 

String Leans 

1 apple 


100 gm 

17 


150 gm 

72 

Bread 


30 gm 

81 

Buttei 

SVjPPLX 

10 gm 

80 

Steak 


50 gm 

145 

Bread 


30 gm 

81 

Butter 


15 gm „ 

80 

Carrots 

Lettuce 


100 gm 

13 

Frenh vlressmg 


2 tablespoons 

296 

1 orange 


250 gm 

95 

Milk 


60 c c 

40 

Tea 

Bouillon 


180 c c 


Total calories 


1,694 
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April 23, she said that she felt better than at anj time since admission to 
the hospital and her knees and hips were free from pain April 24, cod Iner 
oil emulsion, SO per cent, U S P, 8 cc three times dailj, was added 
Progress was steady until Ma3' 4, when she suffered an exacerbation coinci- 
dent V ith a protracted period of wet weather, which affected many arthritics 
on the service Despite this function apparentlj* imoroved because Afaj' 13, 
her arm could be raised higher than at anj time to date almost verticall}, 
and toward the end of the month she left the hospital having lost about 
I pound in weight, feeling not at all weak, able to v’alk three or four miles at 
a time, and, hy her own statement as well as bv the obiective evidence of 
function in her left shoulder, substantia’^ improved 

It IS to be noted m this case as in others previously reported, 
that weight was essentially maintained and that activity was possible 
on a caloric intake which w ould generally be regarded as only slightly 
above the minimum figure for such conditions This patient was of 
large and solid build, without being fat and she experienced little or 
no difficult}’- from her limited intake other than being depnved of the 
pleasures of the table People differ considerably in respect of the way 
in w’hich they tolerate a diet restricted to this degree, not only from the 
mental, but also from the physical standpoint It w^as possible in this 
case to maintain this level successfully and easily, whereas w ith certain 
soldiers such a regime prov ed to be difficult or impossible This patient 
was instructed to maintain conditions as they were for two months and 
then slowdy to add to her intake little by little, according to a schedule 
given her, as explained in previous contributions 

Case 5 — L eut L3nch fCase 52) aged 33 3 ears had had one previous 
a-'tack of arthritis and v’ as admitted to the hospital after about six months 
of invalidism affecting the spine knees and particular^ the feet and heels, 
which were swollen and extremeh' tender at the insertions of the Achilles 
tendons Some limited benefit had followed remov'al of an abscessed tooth 
but five months later no further improvement had taken place Tonsillectora3 
was performed April 5 on general principles, although no other indications 
w'ere seen b3 several observers, and the tonsils proved negative for Strepto- 
cociiis hemolyftcus The experience of this patient on the two da3S following 
the tonsillectom3, during which he felt a marked improvement, coincided with 
observations frequent^" made and published elsewhere,^' that during the 
postoperative period of incidental lov feeding or starvation there often ensues 
a noteworthy improvement of rheumatoid S3mptoms Following the two da5S 
mentioned, this officer grew progressiv eb stiff and painful in resoect of his 
joints, and five or six da3S after the operation was feeling as badh' as before 
This experience brought prominenth into consideration the probable influence 
of diet in this particular case and on consultation with Lieut -Col J C 
Gittmgs, chief of the medical service it was decided to give him the benefit 
of the doubt It was further agreed that any sharp change resulting from a 
dietar3 regime could properlv be ascribed to it 

An estimation of his av erage intake of food show ed that it approximated 
about 2,600 calories per diem, of which roughh 9 per cent came from protein. 


17 Pemberton, R. Am J M Sc 13 678 (ila3) 1917 
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41 per cent from fat and SO per cent from carbohj drate Accordingly, on April 
16 he was given one day of sharp fasting, his only food consisting of bouillon, 
coffee and bran biscuits April 19 he was placed on the following diet of 1,641 
calories, of which about 10 per cent came from protein, 62 per cent from fat 
and 28 per cent from carbohydrate 


BREAlvP\ST 


1 orange 

250 gm 

Calories 

96 

2 eggs 

94 gm 

156 

Bread 

30 gm 

81 

Butter 

15 gm 

120 


Coffee 


Lettuce 

Mayonnaise 

LUNCH 

40 gm 

1 tablespoon 

187 

String beans 


100 gm 

17 

1 apple 


150 gm 

72 

Bread 


30 gm 

81 

Butter 


10 gm 

80 

Beefsteak 

SUPPER 

50 gm 

143 

Bread 


30 gm 

81 

Butter 


IS gm 

120 

Carrots 


100 gm 

18 

Clear bouillon 

Lettuce 

French dressing 


180 c c 

40 gm 

2 tablespoons 

296 

1 orange 


250 gm 

96 

Total calories 


1,641 


April 20 there was less tenderness under the Achilles tendons of both feet 
and progress was fairly consistent from that date About April 24 he devel- 
oped a rheumatic iridocyclitis of the left eye On this date he could walk m 
his bare feet and even rise on his toes, which he could not do before the diet 
was instituted He could walk quite freely m his shoes and made all move- 
ments more easily He said that he had not made so much progress at any 
previous time during a comparable period The iritis ran a painful course of 
about ten days, exacerbations of pain being occasionallj^ controlled by acetyl- 
salicylic acid April 24, cod liver oil, U S P emulsion SO per cent , 8 c c , 
three times daily, was started 

The end-result m this case was that the iritis subsided entirely and he 
evidenced an improvement m his rheumatoid sj^ptoms subjectively and 
objectivel}' The ocular pain had for a day or two prevented his eating, to 
compensate for which he was placed for two days on an unrestricted house 
diet, after which, with the patient’s willing cooperation, he returned to the 
restricted diet of 1,641 calories 

This officer had of necessity led a very inactive life while on this low food 
intake and lost no weight He disappeared from observation owing to the 
closure of the hospital, but the therapeutic benefits indicated during the penod 
described could not be ignored 

It IS of interest to note that m another less severe case on the 
arthritic service not under dietary treatment, the patient suffered an 
equally severe iridocyclitis of one eye during practically the same 
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peiiod Within about the same month, four other cases of apparently 
rheumatic iridocyclitis also presented in the institution among patients 
on other services 

Case 6 — Private Oberg (Case 22), aged 24 years, had had at least six 
previous attacks of diffuse severe arthritis dating from early childhood At 
the time of enlistment in the medical corps, March 18, he was a premedical 
student and was accepted for full duty During training he experienced some 
trifling stiffness which disappeared, and he performed full duty overseas in 
a base hospital until the end of August, 1918, when he went to bed with fever, 
great pain and limitation of function m his hips and left shoulder, being 
unable to walk The onset had been gradual, extending over some weeks, and 
from the date mentioned there was no important change in his condition until 
he was admitted as a litter case to General Hospital No 9, Jan 21, 1919, after 
being five months on his back 

He presented complete fixation of both knees and markedly lowered function 
of the left shoulder, accompanied by roentgen-iay evidences of marked erosion 
of the greater tuberosity of the left humerus and ati opine arthritis of the knee 
During Ins invalidism overseas, he had received without benefit, antistrepto- 
coccus serum in Septembei, 1918, as a therapeutic measure in lieu of non- 
specific protein m the form of tj'phoid vaccine He had apparently a rather 
severe reaction, with fever, chills and increased pain He stated that he had 
also had in civilian life, during an attack, an injection of a “rheumatic seium” 
without benefit On admission, he was slightly better than he had been two 
months previously, but the difference was trifling and his incapacity was 
complete 

Examination of the genito-urmary tract was negative Roentgen-ray exam- 
ination of the teeth showed one small apical abscess, and there was division 
of opinion as to whether or not his tonsils were entiiely innocuous or whether 
they were diseased and constituted a possible focus The apical abscess was 
removed without apparent influence Because of the ankylosis of the hips and 
spine, the consequent difficulty of tonsillectomy in this case, the doubt as to 
the existence of tonsillar infection, and the fact that it was believed that a 
radical effort was justified in the attempt to avoid fibrous or bony union m 
the hips and knees, this soldier was placed on a rigid regime 

On the evening of February 26, he was given a small dose of calomel fol- 
lowed the next morning by one dram of Rochelle salts During February 27, 
28 and March 1 and until noon of March 2, he was placed under conditions of 
essential starvation, being allowed nothing more than bouillon, black coffee 
and bran biscuits February 28, consultation with Major Cleary revealed that 
there was a small amount of increased motion of the thighs and of the knees, 
with apparently somewhat less pain For the first time in the obseivaticn of 
Major Cleary and myself, there was rotation of the left thigh on the pelvis 
February 30, he was given 857 calories per day made up as follows 


18 This case was followed closely by Major E W Cleary, head of the 
orthopedic department and later chief of the surgical service at U S Army 
General Hospital No 9 His dispassionate and cordial assistance was of great 
value throughout the course of these studies particularly m connection with this 
case It was only through the cooperation of Majoi Cleary and his assistants 
that analysis could be attempted successfully of the many complicated cases 
of sacroiliac, vertebral and diffuse lumbar disability which presented It is 
a pleasure also to record the cooperation afforded by the other officers of the 
orthopedic service on the many occasions where patients were transferred or 
jointly treated by both departments 
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BREAKrAST 

Calories 


1 egg 


50 gm 

83 

Butter 


15 gm 

120 

Bread 


15 gm 

40 

Coffee 




11a m , black coffee 





LUNCH 



Bouillon 


180 c c 


Lettuce 


30 gm 


French dressing 


1 tablespoon 

148 

Bran biscuit 




Cabbage 


50 gm 

3 

3pm, black coffe 





SUPPER 



Bouillon 


180 c c 


1 egg 


50 gm 

83 

Bread 


15 gm 

40 

Butter 


15 gm 

120 

Lettuce 


30 gm 


French dressing 


1 tablespoon 

148 

1 apple 


150 gm 

72 


Total calories 857 


March 6, Major Cleary demonstrated that both thighs could be flexed on the 
pelvis to about thirteen inches from the bed, with rotation of both hips, internal 
and external The right knee could be flexed relatively freely, and flexion 
of the left knee was increased March 7, die acetone reaction was distinct, but 
not great in both urine and blood plasma, the blood carbon dioxid was 50, 
and he evidently had a mild acidosis 

March 8 the diet was increased by one egg and 10 gm of butter, 163 calories 
in all, making a total of 1,020 calories March 11, the patient was stood on 
his feet with the assistance of Major Cleary, placing his whole weight on his 
legs and standing upright except for the kyphosis He moved the legs slightly 
as in walking and rocked the body to and fro without pain The opinion was 
reached that the acute process was subsiding and that the present limitation 
and disability were residual In view of the improvement and existence of 
a moderate acidosis, it was decided to increase the diet largely in preparation 
for another period of low feeding He was placed on an unrestricted diet, 
which yielded about 2,700 calories, for twenty-four hours, after which, March 
13, at supper he was placed on a diet yielding 1,534 calories made up as follows 


Coffee 
1 egg 
Bread 
Butter 
1 apple 


BREAKFAST 


Calories 


50 gm 

83 

30 gm 

41 

20 gm 

160 

ISO gm 

72 


LUNCH 


Bouillon 

Lettuce 

French dressing 
Cabbage 
Butter 
Bran biscuit 
Black coffee 
1 egg 


180 

c c 


30 

gm 


2 

tablespoons 296 

50 

gm 

3 

10 

gm 

30 

50 

gm 

83 
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SUPPCR 


Bouillon 
1 egg 
Bread 
Butter 
Lettuce 

French dressing 
1 orange 

Total calories 


180 cc 

50 gm 83 

30 gm 81 

20 gm 160 

30 gm 

2 tablespoons 296 
250 gm 96 


1 534 


Alarch 14 his acidosis had disappeared He continued to do well on this 
diet until about March 25, during which period he frequently walked ^Mth 
assistance, progressively better, his moAements being limited onlj' in range of 
action and the power with which they could be executed At about the date men- 
tioned, he developed pain in the left chest with increased disabiliti’’ of the left 
shoulder After being matched for two daj'S, it was believed that this dis- 
turbance might be pleuritic, with undesirable consequences, and he was placed 
on an unrestricted diet There were very slight fever and signs of a small 
left sided effusion The leukocytes numbered about 12,000 , the polymorpho- 
nuclears numbered about 51 per cent, and the proportions of the other blood 
elements appeared to be normal The pleuritic condition subsided March 31 
he developed slight effusion and tenderness of the left knee and April 1 there 
appeared edema of the left thigh, tenderness above Poupart’s ligament e\ i- 
dence of moderate left femoral thrombosis with fev er and a cylindrical tender 
mass m the upper femoral region This condition slowly subsided and April 8 
it was clear that despite these two exacerbations, motion in the hips and knees 
was well preserved or even increased April 15 the following note was made 
by Major Cleary “Examination shows that edema of the left leg has decreased 
definitely, and tenderness has almost entirely disappeared The range of motion 
of both limbs gradually gained by the patient up to the time of exacerbations 
is entirely retained Within this range, motion is more free than it has been 
before The patient moves his limbs with a confidence which indicates much 
less fear of causing pain The improvement in this case has been coincident 
with, and in m3' opinion due to, the strict dietar}' restrictions imposed ” 

From this time on, the patient ingested for the most part an average of 
about 1,800 calories per diem Api il 20, 22, 23 and 24 he again walked across 
the loom with assistance feeling greatly encouraged at his large increase of 
potential 

In view of the prospective closuie of the hospital and the doubt that still 
remained as to whether his tonsils constituted a focus of infection, it was 
decided to remove them as a prophylactic measure This was done April 27 
and April 30 there developed edema of the uvula with a temperature of 101 F 
These symptoms subsided in a few days After tonsillectomy the right hip 
suffered a slight exacerbation, being more sore than at any time since improve- 
ment began The tonsils showed Sti cptococcus hcmolyficiis in small numbers 
and were small and necrotic 


It was plain from a dispassionate siiivey of this case that the regime 
instituted resulted 111 abrupt return of motion 111 previously aiikylosed 
hips and knees, and the patient, from having been utterly bed-ndden, 
was able to get out of bed and into bed without assistance, to walk 
freely with dutches, even getting around with a cane and the support 
of objects in the room There was no doubt of his betterment and 
prospective further improvement, and he was reported as doing verj 
well three months later August, 1919 
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As IS fully described under the section treating of blood sugar, this 
patient had a very low sugar tolerance and the fact that the tonsils 
played a role as focal agents is indicated by the return to normal of his 
sugar tolerance after their removal It is possible that an error was 
made m not removing them at the outset, but subsequent e^ents indi- 
cated that his return of function was more rapid under dietetic treat- 
ment before his tonsils were removed than was increase of function 
(when he had already made marked improvement) aftei his tonsils 
were removed As also indicated elsewhere, the persistent low sugar 
tolerance in this case, in the light of later events, afforded some evidence 
that all foci of infection had not been removed It is to be noted that 
his improvement under dietary regime was emphatic, even in the pres- 
ence of what was apparently focal and even causative infection This 
case was highly illustrative of the abrupt and marked improvement 
which can be brought about in properly selected cases, even m the 
presence of long standing arthritis, amounting clinically to ankylosis 
^Vhether the attacks simulating, respectively, pleurisy and phlebitis 
were referable in any way to the period of undei feeding cannot be 
settled definitely It does appear, however, that they were rheumatoid 
in nature, and it is m line with my experience with other cases treated 
less radically in the same way, that, after a sharp initial improvement, 
there may ensue, at later stages, exacerbations at one or more sites 
which continue decreasingly until the patient is well established in con- 
valescence It is in this connection that unpleasant consequences might 
follow the application of low diets to patients the subject of anemia, 
inanition and the like These exacerbations, however, in properly 
selected subjects, such as the present one, are no greater than occui 
m any event , they grow^ less frequent and severe, and they may be 
absent altogether It is probably somewhat because of the contrast 
with betterment that they attract attention This patient was treated 
by more heroic measures than I had exercised before, and it is not 
recommended that they be adopted -without full deliberation, and only 
then in proper cases 

One of the conclusions developed, therefore, as the result of this 
experience m the dietetic handling of arthritis not amenable to other 
forms of therapy, is the fact that in certain cases the period of reduced 
diet ma}'^ be advantageously ushered in by a short period of sharp fast- 
ing There are limitations to the degree to which this may be pushed, 
notwithstanding occasional striking improvement at the outset, because 
too much undernutrition may retard rather than assist the later 
response, -which must be sustained to be effective Too much stress 
cannot be placed on the fact that only selected cases, patients in a state 
of good general nutrition, should be subjected to this initial procedure 
The methods necessary to achie\e permanent benefit along dietary lines 
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should not be adopted unless there be available experience with the 
confusing sequels of arthritis, which often simulate active disease, and 
experience with nutritional problems and the calculation of accurate 
diets I have endeavored to point out elsewhere with all possible 
emphasis, that such procedures constitute a two-edged sword capable of 
ewl as veil as good, and likely to result as much in ewl as m good 
unless appropriately applied 

The preceding experiences with diets should not be viewed as 
isolated obsen^ations They should be interpreted as part of a con- 
siderable series of cases treated on the same principle under changing 
experimental conditions, as previously reported 

In the subsequent light of the slow response of a number of cases 
to other measuies, it is regretted that more patients were not so treated, 
but as already mentioned, this therapy was reser\ed for the most 
refractory types because of the time and cooperation required It 
should ne\er be resorted to alone in the piesence of removable foci of 
infection It aftords a means, howevei, by catering to a weakened 
function, of reaching many cases that have responded to no other 
efforts, and it is clear that it can also be used to good effect, although 
only in properly selected cases, in conjunction with othei measures 
In working with numbers much greatei than make up this senes, it 
IS probable that one or two fixed, graded diets could be used to advan- 
tage, but the problem of the arthritic is an individual one, diagnostically 
and therapeutically, and much the same limitations obtain as Avould in 
attempting a similar control of diabetics 

In view of the fact that there was indicated by the nephritic test 
meals a slight retention of salt by the kidney, two patients were placed 
for periods of two Aveeks on salt-free intake, one as a therapeutic test, 
and the other partly for that purpose and partly to facilitate absorption 
of an edema of the leg, but no theiapeutic effect on the arthritic process 
AA’^as observable in either instance 

LOCAL AND EXTERNAL MEASURES 

As already mentioned, the subjects of this study shoAved a greatei 
tendency tOAvards recovery than do similar cases under civil conditions 
occurring in the later decades of life Probably because of this, they 
also shoAved a surprising response to local and external measures, com- 
prising chiefly baking, massage, hydrotherapy and electricity 

Many patients recovered entirely in spite of neglect that Avas piob- 
ably unavoidable Many on the AA’^ay to recoverj'^ Avere hastened in their 
convalescence by the vigorous institution of local measures, particu- 
larly massage and baking In some cases, benefit and sjmptomatic cure 
folloAved almost at once after a long period of invalidism Many cases 
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gave clear evidence of benefit from such measures at hospitals estab- 
lished at the watering places of France and elsewhere, and there was 
no room for doubt that full utilization of these adjuvants was often 
productive of good It was a matter of difficulty, however, to attach 
the proper importance to any or all of these agents The single state- 
ment in regard to their utility that can probably be safely made is that 
they should be regarded as adjuvants rather than as the fundamental 
bases of therapy These measures all have at least one element in 
common, the induction of hyperemia, and their field of application as 
previousl)'^ mentioned is properly in cases which tend to recovery, cases 
of mild degree and cases in which the basis of convalescence is already 
laid They can also be u^ed with propriety in adding to the comfort 
of more seiere refractory types m which, however, their curative effect 
IS slight or absent 

If it were necessary to select one of these measures as that which 
alone could be applied, tbe first choice would probably be baking , on the 
one hand, because of the benefits to be derived, and, on the other, 
because of the relative ease of application by means of small portable 
units or home-made measuies This is particularly true in view of the 
etiologic role played by exposure m this series, and many subjects dated 
improvement from their return to conditions of warmth and diyness 

The application of massage to the subjective and objective disabili- 
ties consequent on “rheumatism” and arthritis is too widespread to 
call for much comment Many of the sequels of arthritis are similar 
to those following trauma and other factors within the orthopedic field, 
and in this connection massage accomplishes some of its best results 
The disability originating from contractured tendons, thickened cap- 
sules, etc , may so closely resenible, in respect of pain, that due to 
active arthritis per se, that the greatest skill is sometimes required to 
differentiaate them This field, hoivever, is so familiar to qualified 
orthopedists, that it is unnecessary to enter on it at length except to 
emphasize the importance of interpreting properly the indications for 
and against massage Probably one of the most common errors in treat- 
ing arthritis is in the application of massage to a chronically but actively 
inflamed joint, thereby adding mechanical trauma Deep massage to 
the large muscles was useful where they needed development and where 
locomotion was being encouraged 

It is, perhaps, pertinent to mention at this point that a desirable 
result achieved by any or all of the external measures above enumerated 
in the care of soldiers, was that of giving them the sense of being 
actnely treated In a disease of such chronicity, in which much time 
is sometimes required to demonstiate even the failure of a given line of 
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therapy, the importance of giving these men this satisfaction and of 
affording them at least momentary “bien aise” is not to be discounted 
It is something of a commentary on the lack of systematized treatment 
of arthritis m general that many of these men had been through ten 
or fifteen hospitals and complained of having had no treatment of any 
kind, except rest in bed Their satisfaction with these objective pro- 
cedures when practiced at U S Army General Hospital No 9, bi ought 
this point to our notice, although a comparable satisfaction on the part 
of the public at large is common knowledge 

" It was also difficult to place a proper value on hydrotherapy and the 
sweating or eliminative processes so frequently ehiployed in the tieat- 
ment of arthritis 

The available evidence suggests, as mentioned in the chapter on 
renal function, that the chief factors active in producing benefits undei 
these conditions are those to which the sweats are incidental In other 
words, raising the body or local temperature to a point higher than 
noimal, lesults, m the former case, in increased metabolism, in the 
lattei case it results in hyperemia and possibly locally increased metabo- 
lism as well It IS important, therefore, not to confuse cause and effect 
It IS entirely possible that other factors are operative, such as the 
changes in the fluids of the cell induced by diaphoresis, but this is inde- 
pendent of the question of elimination, per se The possibility of 
benefiting certain patients by these measures, howevei, cannot be 
denied The facilities available permitted only of the use of whulpool 
baths for single limbs, together with the vaiious geneial douches, and 
these were developed only shoitly before the closure of the hospital 
The local whirlpool baths weie productive of good results and were 
generally enjoyed by the patients They were much to be preferred to 
hot packs in bed and were also moie easily productive of about as much 
free peispiiation as followed the latter measures Before the instal- 
ment of whirlpool baths, howevei, hot packs were resorted to with 
soipe success 

It IS probably even more difficult to estimate the alleged value of 
the various electrical treatments than is the case with any of the other 
ineasuies mentioned In so far as electrical therapy depends on the 
induction of musculai conti action, and m so far as it was depended on 
to raise the tempeiature of a pait locally either by placing it in a bath 
or by passing the cui rent directly through the part, the indications for 
its use were clear, and it supplemented other measures advantageously 
Opportunity did not permit, however, of giving the attention necessary 
to weigh the benefits alleged to accompany other forms of electro- 
therapeutics It IS hardly to be doubted that the metabolism is impor- 
tantly alteied systemically as well as locally through various activities 
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of this kind, but this field needs study at the hands of critical clinicians 
together with coincident careful laboratory work in several directions 
Of the measures above described as being useful in the treatment of 
chronic arthritis, electricity m its various forms supplies the greatest 
psychic influence to the individual In this respect it plays a useful 
role m the therapy of a disease where chronicity, with resulting lowered 
morale, is so frequent Provision for the care of a large group of sol- 
diers the subject of chronic arthritis would probably be incomplete 
without inclusion of the usual standard electrotherapeutic appliances 
The indications fpr local and graded exercises were such as are 
common in orthopedic experience and were met in the usual way as far 
as the hospital facilities permitted Outdoor exercise, such as walks 
and golf, played a limited role m the treatment of these men and was 
resorted to as soon as conditions warranted It was highly useful in 
overcoming hospitalism, inducing free perspiration, developing weak- 
ened musculature generally, and in putting individuals in condition 
finally to assume the duties of an active life 

SUMMARY 

The purposes for which the present effort was undertaken were 
three m number (1) To treat as many soldiers who had arthritis as 
might be reached through one center established for this purpose, (2) 
to conduct intensive studies as to the nature of the disease and the best 
manner of treating it, (3) to consider critically those elements of the 
problem which have military application with the view of lowering the 
incidence of the disease, if possible, on the one hand, and, on the other, 
expediting the return of arthritics to duty, thereby contributing to the 
number of available men and to a reduction of hospital days and 
congestion 

The results of this effort can conveniently be grouped under two 
heads, (1) those of a more or less academic nature bearing on, the 
pathology of arthritis, together with purely medical considerations 
along this line, and (2) those which concern chiefly the military aspect 
of the problem in relation to conditions of warfare The results of the 
several lines of laboratory investigations undertaken have been suffi- 
ciently emphasized in respective chapters dealing with these topics to 
make repetition of these findings unnecessary The outstanding facts 
concerning them will be summarized in the final conclusions 

The purely practical aspects of the question, in relation to the 
emergency created by the war, however, will bear further emphasis 
Statistical analysis has revealed, as indicated under that caption, 
that 36 per cent of the 400 patients presenting on the arthritic service 
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at U S Aimy General Hospital No 9, had had piCMOus attacks of 
rheumatism In contrast to this, only 7 per cent of 113 cases analyzed 
on the orthopedic service had had pievious attacks of rheumatism, and 
these lattei figures aie borne out by statistics compiled by Capt Beit- 
naid Smith, M C, chief of the Cardiovascular Depaitment of U S 
Army General Hospital No 9, which indicates that in less than 6 pei 
cent of 350 cases of functional caidiac disorder, was there obtained a 
histoiy of “rheumatism” before admission It is cleai that something 
induced previous attacks of aithiitis or rheumatic disability among the 
subjects of this study with a frequency five times greater than obtained 
among soldiers at large The thought is at once suggested that the 
incidence of arthiitis in the aini}'^ would be reduced by rejecting, at the 
time of an incoming draft, all men giving a definite lustoiy of arthritis 
or “iheumatism ” That this would accomjilish the pin pose in mind is 
hardly to be doubted, but it would probably, at the same time, need- 
lessly cut down the nunibei of lecruits 

In view of the fact that one outstanding tangible factoi in the jno- 
duction of arthntis at laige is focal infection, it would seem a justifi- 
able lecommendation, weie the war still in progiess, that recruits giving 
a definite history of previous attacks of a rheumatoid natuie, should be 
segiegated for caieful analysis as to obvious foci of infection 

It would seem reasonable to be guided by the seventy and fie- 
quency of the previous attack, i ejecting absolutely extieme instances, 
and segiegatmg foi examination those of a mildei nature Although all 
lecruits admitted to the army aie supposedly examined as to then 
teeth, eais, thioat, etc, this examination, in the natuie of things, is 
not adequate to cover the point at issue Theie is little doubt that 
loutme analysis of a group segregated for the above pin pose would 
reveal at the hands of qualified examiners, beaiing this point in mind, 
an appreciable numbei of potential and causative surgical infections 
Our statistics show that 73 25 pei cent of all men admitted to the 
aithntic seivice were the subject of demonstrable suigical foci of 
infection The possibility, therefore, that foci played a role in the 
etiology of aithritis among the 36 pei cent of men having had attacks 
prioi to their arm} sei vice, I's obi lous 

19 Organic heait disease is to be excepted A personal coniinunication 
through the courtesy of Captain Smith just quoted, indicates that of ISO 
patients with organic heart disease 42 9 per cent (64 cases) had had acute 
rheumatic fever either before or during military service Of these 64 cases, 
23 4 per cent (IS cases) had had no attack before entering the army In 
other words, of ISO cases, 32 7 per cent (49 patients) had attacks prior to* army 
service, a proportion slightly lower than in the case of arthritis (33 75 per 
cent) In point of fact, these two sets of statistics in some part cover the 
same field as maiij forms of organic heart disease are notoriousl} of “rheu- 
matic” nature and origin 
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Following the determination of focal infection in diaftees who had 
had previous attacks of rheumatism, it would be possible, then, to 
anticipate the steps which became necessary eventually ih the case of 
all soldiers in this series who had not recovered on admission to the 
hospital, namely, the removal of demonstrable surgical foci 

A precedent in the recommendation of dental attention, when neces- 
sary, has already been pretty widely established on grounds of general 
prophylaxis alone, and the experience of the warring countries has 
shown that efforts at conservation of this nature would have added 
justification as continuation of the war made further demand on the 
available man power The action here suggested constitutes a more 
critical application of an existing precedent to achieve a specific rather 
than a generic purpose The degree of success which would follow 
institution of such measures could be determined only by experience, 
but that an important reduction in the incidence of chronic arthritis 
would be achieved by the specific application of these means is hardly 
to be doubted 

As the statistics show, 71 per cent of all foci were tonsillar (52 per 
cent of all cases) , 45 7 per cent of all foci were dental (33 5 per cent 
of all cases) The tonsillar foci would necessitate an operation for 
their removal with consequent hospital days, and could await a time of 
election The removal, however, of dental foci, which the statistics 
show were practically invariably abscesses at the roots of the teeth, 
could be accomplished in most cases without difficulty or delay Genito- 
urinary diseases have apparently played such a small role in the etiology 
of the present senes, that the importance of instituting analogous action 
m regard to them is not so great, although the same procedures could 
be followed 

The rejection of extreme instances and the examination and sub- 
sequent treatment of draftees giving a history of “rheumatism” and 
bearing surgical foci, would leave a group in which no infection could 
be demonstrated It would seem justifiable, in connection with this 
group, to be guided solely by the severity and frequency of the previous 
attacks, rejecting from service those cases in which these factors were 
marked and accepting for service those men who were in apparent good 
health and had had no recent disability of this nature 

As mentioned in the opening chapter, the number of cases of 
chronic arthritis to be expected m an army of 4,000,000 men is so con- 
siderable, and IS so substantiated in respect of numbers and severity 
by the studies herewith presented, that it must be concluded that 
chronic arthritis constitutes one of the outstanding medical conditions 
affecting the soldier in service, particularly under conditions of active 
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warfare in the field It is probably fair to say, that the magnitude and 
importance of this problem have been somewhat overlooked in the 
emphasis placed on other, sometimes less considerable, conditions The 
problem from the purely numerical standpoint is not equal in size to 
that presented by the acute infectious diseases at large, particularly in 
the camps of this country, but it is to 15 e remembered that, for the most 
part, the subjects of the acute infections recovered or died, a relatively 
small percentage returned to civil life incapacitated The subjects of 
arthritis, howevei, not only run a couise exceeded in length by few 
conditions affecting large bodies of men, but carry into civil life, in 
legrettable proportions, conditions which incapacitate them for a long 
time or even result in permanent disability That they do better as a 
class than do cases of equal severity in the later decades of civil life 
does not remove the problem The impression was forcibly boine in on 
us 111 the course of these studies, that subjects of an arthritis of even 
moderate severity were often more incapacitated and for a longer time 
than were soldiers who had suffered an amputation The patient who 
has had an amputation is at least in good health and can devote his 
energy to the tasks allotted him The victim of an arthritis is not only 
incapacitated to a comparable degree, but is additionally suffering 
pain and discomfort Carefully considered efforts at the prevention of 
this disease would have large justification 

As mentioned earlier, the purposes of this study included making 
overseas, at the site Avhere most cases developed, adequate provision 
for meeting this problem along lines most clearly indicated Any such 
plan Avould have called for centers for the segregation and treatment 
of these patients and a base or bases where the more refractory types 
could receive detailed and thorough care In addition, there has been 
indicated the necessity in this country for analogous distribution and 
care of these subjects, including those returned from overseas 

Fundamental to successful treatment of this large group of men is 
adequate provision of medical personnel and physical facilities in the 
way of at least the simpler forms of baking, hydrotherapy, etc It is 
not to be expected that at subsidiary centers much could be developed 

20 Through the courtes}' of Col A G Love of the Sick and Wounded 
Division, Office of the Surgeon-General, Washington, D C, data have been 
obtained, based on the A^ear 1918, which show an incidence of about 35,000 
cases for an army of 4,000,000 men for one year 

It IS to be borne m mind that in only about fi-ve months of this year were 
United States forces engaged m active warfare on a large scale Furthermore 
these figures are for primar}-^ arthritis only and not for rheumatic fever or 
arthritis complicating any other disease, although it is clear from the present 
studies that many, if not all, cases of rheumatic fe\er also belong in this 
categor} In viev of these considerations it seems fair to postulate an 
incidence of 40,000 or more cases of all types for an army of 4,000,000 men 
tor one year 
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along these lines but it should be possible in any base hospital to which 
these men are first admitted, to discover and remoie obvious focal 
infection The failure to do so was an omission frequently illustrated 
m the present series The piompt recovery of certain soldiers, who 
had been invalided for variable ^periods of several months or more, on 
the removal of easily demonstrable foci, proved beyond doubt that 
many patients presenting foci on admission had been neglected It was 
clear that considerable attention had been paid to foci as etio’ogic 
factors, but appreciation of their role does not necessaiily afford the 
experience requisite to dlsco^er and remove them, noi can the best 
intentioned and most skilful medical officers care for more than a 
limited number of patients It was obviously due, m part, to this fact, 
that under the stress of warfare many patients suffered unduly The 
evidence obtained from the histones of many of these men, howevei, 
makes it plain that no systematic and regular "policy was followed in 
legard to them and that such cases were probably not unfrequently 
regarded as of secondary importance or too refractory to warrant 
much emphasis 

It is quite clear, therefore, that were the war still in progress some- 
thing real could be achieved by emphasizing and systematizing the treat- 
ment to be given these men on their admission to the fii st hospitals that 
could properly undertake such work 

The problem of the personnel and equipment to be piovided at the 
bases is an important one The results of this study suggest that it 
would hav e had to be met on a large scale Sufficient space has been 
given to the vaiious forms of treatment to indicate that the external 
forms of therapy, which m civnl life so frequently meet with disap- 
pointing results, must be accoided greater value when consideimg 
this group It IS believed that this point should be emphasized as a 
practical measure of large importance to the conditions under discus- 
sion It IS possible that such saving of effort could be achieved, as 
was apparently attempted, by establishing such bases at existing watei 
resorts, but this consideration alone should not be allowed to dominate 
In a disease m which impiovement or cure sometimes depends on the 
coordination of a number of factors, each of limited value alone, 
advantage should be taken of every condition known to have favorable 
influence Among such conditions is the question of climate Students 
of arthritis would probably agree that a damp enervating climate is 
undesirable and that low valleys and the sea coast should be avoided 
as sites for treatment The present observations at U S Aimy Gen- 
eral Hospital No 9, were carried on m the midst of a thick pine belt 
on a sandy soil vvdiich quickly absorbed moisture, but there was no 
altitude and the sea was only nine miles away Our experience has 
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shown that allhough the dampness and the abrupt changes of tempeia- 
tiue weie much modified, climatic conditions wcic not ideal It is 
qiulc clcaily indicated that the most desiiable site foi the establishment 
of a ticatment ceiitei foi arthiitis is inland, in a dr}' legioii of faiily 
equable climate, with leasonable altitude of, say, 600 feet, a gicatei 
altitude would be advantageous 

Cooidination of the many agents which have application to aithiitis, 
latliei than dependence on one oi two mcasuies, constitutes a desid- 
eiatuni emphasised by this study In few ccnteis for tieatment is this 
attempted to an impoitant degiec because most of them aie dependent 
upon and due to the paitial success of measuies developed locally 

Success in cooidination depends on competent diiection, in the fust 
place, .md on the calibei of those conducting the vaiious accessaiy 
activities drawn on, m the second place Pei haps no othei disease 
demands moie in this connection Expel lence m civil life and with 
moie than 400 cases in this senes has shown that this lattei conclusion is 
])aiticulaily ti'uc of the specialties of the nose and tin oat, and of den- 
tistiy 'fhe lecogmtion of causative foci m the tin oat and head 
icquiies the widest possible expenence 

1'ieatment of the sequels of aithiitis h<is so often necessitated 
painstaking <ind patient efloits on the pait of oithopedists, that the 
bin den of caie foi all paits of this impoitant field in civil life has fallen 
on them moie ficquently than on mteinists, with the lesuU that some 
of the most impoitant contiibutions to pathology and treatment have 
oiigmatcd with oithopedists The pioblem of aithritis, howcvei, is 
fundamentally medical, and it should be nccessaiy to call on oitho- 
pcdists only to difieientiate doubtful conditions, and to caie foi the 
sequels of long standing piocesses The impoitance of oithopedic 
coopeiation must not be oveilookcd, howevei, in consideimg this sub- 
ject fiom the puicly medical viewpoint The many cases analyzed 
duimg the piesent study h.ive seived to indicate that it would be impos- 
sible to give adequate caie to aithiitic soldieis undei warfaie conditions 
without assistance fiom expciicnced oithopedists Foi example, the 
attempt has been m.ule undci the caption "clinical considerations” to 
cmjihasi/e the difficulties of difieicntial diagnosis m ceitain types of 
cases, paiticulaily those with disabilities refeired to the back The 
field included heie is veiy huge and it is easy foi the internist to over- 
look pathology of an oithopedic natuie and to make mcoirect diag- 
noses The loentgen lay is of veiy limited assistance m these relatively 
e.uly cases, and the factors actually producing sciatic pain, sacroiliac, 
paiaveitebial and even vcUebral pain aie often difficult of analysis 
In addition to the necessaiy cooperation just indicated, it is obvious 
that adequate orthopedic assistance is essential foi cases needing 
immobilization, extension, braces and the like 
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Provision for the routine examination and ward care of arthntics 
IS not as simple as may appear These steps must precede all otheis 
and determine the lines of treatment finally followed It is difficult oi 
impossible for the chief of a large arthritic service to keep before him 
the detailed needs of such cases, although many of them call for long 
experience in their proper classification and disposition Such action 
must fall in general on younger and less experienced men No systema- 
tized plan of treatment of arthiitis has been evolved to date, and 
results from any and all measures have so frequently been disappoint- 
ing as to produce confusion and a general attitude of indifference or 
even hopelessness among all concerned On the other hand, the topic 
of arthritis enters a variety of different and opposite domains of medi- 
cine and suigery, some of which are apt to believe that they hold the 
key to its solution Clinical manifestations of the disease generally 
concern structures primaiily within the field of orthopedics, and interest 
on the part of medical men in the underlying pathology is often want- 
ing As just mentioned, howevei, the disease is properly comprehended 
by internal medicine and the final solution of its etiology, prevention 
and treatment must he sought for in clinical and laboratory investiga- 
tion, proceeding from this premise Notwithstanding the omnipresence 
of this disease it seems that physicians are too rarely accustomed to 
interpret critically the symptoms of these patients , to classify the types 
encountered, and to employ the desired discretion in the forms of treat- 
ment adopted Apart from the shortage of well trained medical men 
in the army hospitals at large, it is probable that a difficulty in making 
adequate provision for the treatment of arthritis on the large scale 
which continuation of the war w^ould have necessitated, would he in 
obtaining medical officers whose previous interest in this field w’^ould 
find added stimulus in the large opportunity presenting Without an 
interest below the surface, the routine care of aithritics soon becomes 
monotonous to the detriment of the patient The problem of the 
arthritic is largely individual , in this it is somewhat comparable to the 
problem presented by the various forms of neurasthenia wdnch the war 
has produced in such large numbers, and cannot as yet be met by 
wholesale measures alone 


CONCLUSIONS 

1 Chronic arthritis is one of the larger medical problems affecting 
the soldier in service Soldiers developing it have had previous attacks 
wuth a frequency about five times greater than have soldiers admitted 
to hospital for other conditions at large 

2 Exposure w^as the exciting factor in 58 per cent of 400 cases 
studied Critical examination of all patients revealed apparent foci of 
infection in /2 per cent Although the etiologic importance of focal 
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infection, especially in civil life, is not to be minimized, it is clear that 
the present group showed a considerable independence of it One 
hundred and eighty-four patients, or ^ 46 per cent , recovered in the 
presence of demonstrable surgical foci This is nearly three times the 
number which improved (sixty-five cases, or 16 25 per cent ) after the 
removal of foci The tonsils were most frequently the site of infection 
(52 per cent ) , the teeth were next (33 5 per cent ) , the genito-urinary 
tract came last (12 5 per cent ) and clearly played an almost negligible 
role in causing arthritis 

3 The sites of most frequent involvement were the knees (62 per 
cent ), the ankle (35 25 per cent ), the hip (33 75 per cent ) and the 
shoulder (31 25 per cent ) All things considered, however, it is not 
clear that trauma to weight bearing parts, caused by hiking, drilling, 
etc, played a much greater role than it does m civil life in determining 
the site involved 

4 The basal metabolism was found to be normal in 80 per cent of 
twenty-nine cases studied In 20 per cent it was slightly below nor- 
mal limits 

5 The carbon dioxid combining power of the blood , the total fat , 
the cholesterol and the calcium of the fasting blood were found to fall 
within the accepted normal limits 

6 About one half of forty cases of arthritis studied showed an 
abnormally high value for blood creatin Certain of these showed a 
decline m blood creatin coincident with clinical improvement 

7 The urea of the fasting blood in seventeen cases fell within nor- 
mal limits The nitrogen of the fasting blood m sixty-seven observa- 
tions in fifty-seven cases fell within normal limits, with two exceptions 

8 Studies of the renal function, in thirty cases of arthritis of 
widely different types, by means of the so-called nephtitic test meal, 
gave results which fell within the accepted ranges for normals When 
compared with nine normals under similar conditions there is evident 
a slight lag in the elimination of water, nitrogen and particularly of 
salt In conjunction with the normal blood nitrogen and urea values 
mentioned in the last paragraph, it seems fair to conclude that there is 
no marked dislocation of renal function in chronic arthritis, though this 
function may be slightly lowered in some cases 

9 In studies on arthritics representing all degrees and stages of 
the disease it was found that there is a lowered sugar tolerance in a 
large proportion of cases This lowered tolerance accompanies the 
great majority of severe cases and is roughly proportional to the 
activit} of the arthritic process per se It returns or tends to return 
to normal with convalescence or recov'er}”^ 

10 The return to normal is apparently independent of the type of 
therapy employed, but is most abrupt after the remoial of causative 
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foci of infection In certain severe chronic cases from which all 
demonstrable foci have been removed, a lowered sugar tolerance seems 
to persist 

11 Apparent foci of infection, unproductive of systemic effects, 
are not necessarily accompanied by a lowered sugar tolerance A 
lowered sugar tolerance from focal infection apparently accompanies 
the failure of the organism successfully to maintain its wall of defense 
In this light a lowered tolerance becomes an intermediary step in the 
pathology of arthritis and possibly other conditions as well 

12 A lowered sugar tolerance seems to stand in relation to many 
infectious or inflammatory conditions at large, and to depend on more 
fundamental pathologic processes than has been appreciated It is also 
of more common occurrence than has been recognized 

13 The lowered tolerance observed in some diseases and referred 
to them may sometimes have been due to focal infection rather than 
to the diseases under consideration It is important that foci of infec- 
tion be eliminated from consideration when miscellaneous conditions 
are studied m this regard 

14 Critical examinations of recruits for a history of previous 
attacks of arthritis would reveal cases most likely to develop it It is 
reasonable to believe that rejection of this group or at least the worst * 
cases in it would importantly reduce the incidence of arthritis in the 
army A more conservative policy would segregate such cases, examine 
them for foci of infection and remove such foci when found This 
would have the added importance of prophylaxis towards the civil 
community These measures could be combined by applying one or 
the other appropriately 

15 The several forms of therapy here discussed have all applica- 
tion to the group under consideration Treatment of large numbers of 
cases, howeier, requires methods capable of wide routine use Local 
and external measures m the sense indicated have unexpectedly large 
application because of the tendency of this group to improve under 
favorable conditions , they are also susceptible of easy routine 
employment 

It seems that m some cases of arthritis in this senes six months 
or a year were needlessly lost Earlier and more critical attention to 
focal infection, as a basis, together with a large coincident use of local 
measures, would probably afford the routine therapy best adapted to 
reach the greatest number of cases and should importantly curtail the 
existing invalidism Many patients would require more individual 
attention, however, such as treatment by nonspecific protein injection 
or a restricted diet 
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16 Experience with treatment by a lest noted diet, as heie 
described, corroborates in the present group, the conclusions previously 
published regaidmg it Such therapy finds additional support in the 
studies on blood sugar, revealing a difficulty m the utilization of carbo- 
hydiate It seems clear that success following this measure depends 
on cateiing to a weakened function of which the lowered sugar tolei- 
ance is one evidence Treatment along this line has undoubted appli- 
cation ih appiopnate cases of chronic arthritis 

17 The several measuies of value in arthritis should be combined 
111 their application to the present gioup more fiequently than obtains 
in the treatment of cases in civil life The tendency to focus on one 
measuie often results ip failure wheie the subsequent coincident use 
of seveial measures lesults in benefit 

The foregoing repoi t would be incomplete without acknowledgement in 
many directions, especially to Col Warfield T Longcope, M C, U S Army, 
and to Col Lewis A Conner, M C , U S Army, successively heads of the 
division of internal medicine. Office of the Surgeon-General, Washington, 
D C To Colonel Conner is due much obligation for support throughout the 
period of work 

Much assistance and encouragement were given by Col E G Brackett, 
M C, head of the division of orthopedic surgery, Office of the Surgeon- 
General, and Lieut -Col R B Osgood, M C, of the same division Their 
familiarity with the field of arthritis and their generous cooperation were of 
the greatest value 

Appreciation should he expressed to Col Charles Field Mason, M C, com- 
manding officer, U S Army General Hospital No 9, Lakewood, N J , for his 
uniformly helpful attitude, and especially to Lieut -Col J C Gittmgs, chief 
of the medical service, for coidial and able assistance in both administrative 
and medical matters 

Finally, it is a pleasure to mention again the cooperative support of Major 
E W Cleary, chief of the surgical and orthopedic services, and to acknowledge 
the assistance of the medical and nursing staff of the hospital, without whose 
willing help much of this work could not have been attempted 

CLINICAL ABSTRACT OF CASES 

The large numbers refer to the hospital register numbei This list 
includes nearly all cases which weie the subject of laboratory investi- 
gation A few other cases are mentioned in the text, but not included 
heie, as the data accompanying them are sufficiently full for the pur- 
poses intended The hospital register number is missing in a few 
cases owing to the inaccessibility of records following closure of the 
hospital 

C\SL 1 (No 2656) —Lieut Robbins, aged 25 One prcMous attack of rheu- 
matism nine years before, lasting tliree months After two months of pain in 
right shoulder attributed to bayonet drill, he was taken sick m September, 
1918, with swelling and pam m the left ankle for which he went to the hos- 
pital Imohement of other joints was progressne, finally affecting the right 
-shoulder, right foot, knees, hips and scattered muscle groups On admission to 
U S \rm} General Hospital No 9 he had had one tooth extracted for an 
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apical abscess about eight weeks previousl}", without benefit There ^\as appar- 
ently no other focus of infection, the tonsils being repeatedly pronounced 
normal This officer made a complete recovery by dietary measures alone, 
improvement dating abru,ptly from their institution Details are gnen under 
'“Dietarj" Considerations ” 

Case 2 — ^Karl Haeberle, aged 26, white No previous attack While drill- 
ing on rough ground May 2, 1918, the right ankle became swollen and painful 
This case ran a long chronic course suggestne of tuberculosis He failed to 
impro\e following tonsillectomy, one month after onset, with attention to 
abscessed teeth There was much edema , elevation and rest proved of no avail 
The final diagnosis of an unusual type of bone atrophy following trauma %vas 
made by Colonel Brackett, division of orthopedic surgery, Surgeon-General’s 
Office, and under his advice the patient was given exercige The foot then 
improved and on closure of the hospital in June, 1919, he was well on his way 
to recovery He was again seen in November, 1919, and had made further 
marked impro\ement, the foot appearing nearly normal 

Ca,se 3 (No 2485) — Blowers, aged 24, white, infantry December, 1917, he 
sprained the left ankle While in the hospital for treatment, he developed 
rheumatism in the legs extending to the right knee, hand, elbows and fingers 
He made a fair recovery within several months , but about six weeks later 
he was again taken sick There were no demonstrable foci of infection and 
on discharge, about January, 1919, the patient had made recovery to the point 
where his disabilities were muscular, with occasional stiffness and pain on 
climbing stairs, which condition remained about stationary 

Case 4 — John McGrann, aged 44, white Following gunshot wound of 
back was taken sick in July, 1918, during convalescence, with pain and weak- 
ness in the muscles of the back and spine The roentgen ray showed arthritis 
of the spine No foci of infection were detected, except, possiblj, in the gums, 
which were in rather poor condition, and in pockets about the teeth These 
recened attention and he made a slow and limited improvement of about 60 
per cent , being discharged about April, 1919 

Case 5 (No 2583) — Beck, aged 26, white Previous attack of multiple 
arthritis three years before, which followed three months after a gonococcal 
infection He was accepted for full duty, and at the end of September, 1917, fol- 
lowing a cold, he was affected by swelling and pain m the knees and ankles, 
but impro\ed enough to embark for France, but was again taken sick on ship 
board wnth extension of the rheumatism to the right shoulder and the hands, 
since w'hen he did no duty This patient made a limited improvement fol- 
lowing tonsillectomy, August, 1918 Attention to his teeth m November, 1918, 
was of further -value, and he was apparently well when discharged, Jan 2, 1919 
Case 6 — ^\Villiam Hayes, sergeant, aged 29, white In 1916, he suddenly 
de\ eloped arthritis of the left foot and wrists extending to the fingers and knees 
Under treatment at Hot Springs the foot recovered, but after some improvement 
m other joints he again grew w'orse, the right wrist becoming ankylosed 
Tonsillectmj in December, 1918, and attention to the teeth were without benefit 
This patient made an abrupt 50 per cent improvement under dietary mea- 
sures to which were later added potassium lodid, cod liver oil and daily sweats 
He left the hospital symptomatically well in May, 1919 This case is described 
in full under dietary considerations and was very instructive throughout, illus- 
trating what can be achieved in the most severe types by combinations of 
treatment, if the basis for convalescence be established 

Case 7 — Ben Jaffv' aged 24, white Previous attack of arthritis of right 
knee in 1913, confining him to bed for four months The present illness began 
in the right shoulder in July, 1918, following exposure A tonsillectomy had 
been performed m 1913 On admission the knees and shoulders were mark- 
edb imohed, and he presented focal infection in one abscessed tooth, which 
was extracted December 20 He made a rather abrupt improvement following 
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this, and then remained in statu quo for a number of months Impro\ement 
did take place, however, and m May, 1919, he was discharged haMng made 
about 75 per cent recoi ery and was still impro\ ing 

Case 8— Albert Martin, aged 44, white, was taken sick in March, 1918, with 
arthritis of the right ankle and knee extending to the hip He becam. bed- 
ridden, and his case ran a protracted course without the slightest improve- 
ment There were foci in the tonsils, which were removed Dec 30, 1918, with- 
out benefit There was e^ idence of renal calculus, and the liver was enlarged 
four finger breadths The physical and mental condition of the patient were 
not suited to radical therapy or that requiring his cooperation This case ivas 
one of the most adianced and refractory in the entiie series 

Case 9 — Enrique Beeman, aged 24, white, ga\e a history of preiious dis- 
ability in the hips and sciatic region The present illness began acutely in 
February, 1918, following drilling and exposure, and affected the left hip, right 
ankle and the back muscles He made an essential recover}^ but because of 
residual symptoms, tonsillectomy was pei formed Dec 2, 1918 Six weeks later, 
this had apparently had no influence, and he was discharged complaining of 
shifting and intermittent disability in muscles of back and legs 

Case 10 — Naseeb Masood, aged 23, white, had had no previous attacks 
In April, 1918, he was gassed and underwent exposure in the trenches, follow- 
ing which there developed arthritis in the hips, knees, ankles and back Since 
this date he walked only with crutches, remaining a bed-ridden patient until 
discharged from the hospital There was definitely no dental focus, genito- 
urinary examination ivas negative and his tonsils were removed Nov IS, 
1918 This was without the least effect, and his condition was the same on 
discharge, March 2, 1919 This case was of much interest in that the .patient's 
disability consisted in exquisite tenderness on active or passive motion of the 
knees or on palpation There was also exquisite tenderness at the metatarso- 
phalangeal articulations of the feet The roentgen-ray findings were negative 
and a marked psychic element was suspected, but he gave repeatedly a greatly 
lowered sugar tolerance, and it seems proper to regard this case as one of 
marked severity of the fibrous type, giving little or no contracture or roentgen- 
ray changes and running a prdtracted and obstinate course 

Case 11 — George Hinman, aged 25, white was taken sick gradually follow'- 
ing exposure, February, 1918 After improving, he was again taken sick with 
arthritis involving the knees in August, 1918 His chief symptom during observa- 
tion consisted of slight disability of the right knee and intermittent sharp exacer- 
bations of arthritis in one or the other wrist, accompanied by redness and swell- 
ing, the roentgen-ray findings w'ere positive, all foci were reported negatne 
This patient made a modified improvement under a slightly lowered fixed intake 
of food, but the results w^ere not sufficient to warrant a detailed report, as he 
developed acute tonsillitis following which tonsillectomy was performed April 
2, 1919 The tonsils were found to be diseased and the patient thought he felt 
a definite improvement following their enucleation 

Case 12 (No 2662) — Thomas Boyd, aged 24, white, began to ha\e attacks 
of rheumatism nine years before, being in bed frequently for from four to 
SIX weeks He had had no attacks for the last three years, but had had three 
or four attacks of tonsillitis He did full front-line duty in the trenches 
While drilling in rest cam,p in April, 1918, he began to have pain in the mus- 
^ cles of the legs and later m the back, often accompanied by febrile exacerba- 
tions Tonsillectomy was performed Nov 4, 1918 He had no dental or 
genito-urinary foci but 'was definitely not cured by this procedure when dis- 
charged March 10, 1919 

Case 13— Mrs Lum, aged 42, white This woman had had arthritis for 
nine years, wuth deforming arthritis of the hands and w rists and was studied by 
permission of the commanding officer She had had exhaustive attention gnen 
to all foci without a\ail. and her tonsils were repeatedly' pronounced so small 
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as to be almost absent Among operative procedures to remove foci were 
appendectomy and cholecystotomy, but the gallbladder was normal Tonsil- 
lectomy was performed in June, 1919, as a routine procedure Culture was 
negative for hemolytic streptococci and she was no better in February, 1920 

Case 14 (No 3559) — Lowe, sergeant, aged 42, white In 1916 he had rheu- 
matism in the ankles, knees and wrists, bilateral, with a severe attack in June, 
1917, but he recovered from this October, 1917, the present attack began 
His tonsils were removed about July, 1918, without any improvement, and he 
had no other foci This case was one of great interest and was apparently 
an extreme example of the fibrous ty'pe, accompanied by few or no external 
evidences and only slight changes shoun by the roentgen ray along the shafts 
of the phalanges of the hand An osteophyte was removed from one heel 
in 1917 He was subjected to no less than thirteen different kinds of treat- 
ment, including baking, sweats, nonspecific injections, etc He thinks the pro- 
tein injections made him worse There w^as not a little analogy between this 
case and Case 10 (Masood) which was not, however, so far advanced Because 
of a small nasal polyp, operation was directed toward its removal and treat- 
ment of the ethmoid air cells, but without obvious results This patient was 
exquisitely tender wherever touched on his hands, knees and feet and although 
able to move slowly, he was essentially chair-ridden His mental outlook was 
excellent, and there was no psychic element The failure of benefit under a 
short period of restricted diet is described under dietary considerations He 
gave a number of different interesting laboratory findings 

Case 15 — Arthur Studebaker, aged 23, white This soldier was big and 
well built He contracted measles at Camp Sherman, May 23, 1918 After 
nearly three weeks in the hospital, he was discharged, but got wet sleeping 
in a tent and was taken sick with swelling of the right knee and the ankles, 
and the left hip, with fever and pain After much improvement under sali- 
cylates, a tonsillectomy was performed about July 1, 1918 An apical tooth 
infection was removed, but without hastening the rather slow recovery The 
right knee remained painful, and the knee was put in a cast for three weeks, 
after which another cast i\as applied for three weeks again He thinks this 
made him worse, as also did hot fomentation, rubbing and baking On admis- 
sion to U S Army Ceneral Hospital No 9, Jan 9, 1919, his knee was exquis- 
itely tender to touch, with limited function but no deformity or visible objective 
evidences Tenderness apparentlj'' followed the synovial membrane extending 
up over the area of the joint capsule It is possible that this soldier still pre- 
sented a small dental focus on his discharge, in the condition described, about 
Feb 1, 1919 His case was apparently identical in nature with Cases 10 
(Masood) and 14 (Lowe) 

Case 16 — Br , aged 45, wdiite, civilian He had had for nearly fifteen years 
a progressive arthritis, characterized chiefly by intermittent incapacitating 
exacerbations with sciatic pain and malaise in the interim This case had been 
exhaustively searched and treated for tw'enty-four months on the basis of 
focal infection The tonsils were removed, the genito-urmary tract w'as given 
much attention and all dental factors w’ere cared for All these activities 
availed only to induce a slight improvement, and the severe exacerbations con- 
tinued Under a restricted diet this patient made an abrupt and gratifying 
convalescence, amounting to a 90 per cent cure, and again resumed his full 
legal practice with greater energy than he had felt for fifteen years Observa- 
tion of this case for about three years reveals that this improvement is main- 
tained and unmistakable The facts of this case admit of no ambiguity The 
greatly low'ered sugar tolerance obtained, illustrates apparently, together with 
other cases, that the lowered tolerance maj' persist m the absence of or after 
the remoial of all demonstrable surgical infection He was studied by per- 
mission of the commanding officer 
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C^SE 17 (No 2976) —Faulkner aged 20, ^^hlte In Januarj, 1918, se\eral 
^\eeks after an injurj to the left ankle, he de\ eloped pain and s^\eIl^ng m 
tlie ankle, knees and right hand and finallj nearlv all joints \\ere invohed 
Tonsillectomy i\as performed Jan 9 1919, although at that time he had made a 
\ery substantial impro\ement i\hich seemed to relate chiefly to the change of 
climate in coming from Camp Shelb} The tonsils i\ere found diseased 

C\SE 18 — Samuel Infuse, aged 23, colored This soldier presented i\idc- 
spread tuberculosis of the periosteum and bones of the arm and phalanges of the 
hands, together ith iin oh ement ot some of the soft tissues of the arms The 
diagnosis ^^as long m doubt, tliere A\ere exposed and denuded areas of bone, 
and there A\as presumabh secondar} infection This case \\as studied as an 
example of miscellaneous disease The case is reported here because ot the 
laboratorj obsert ations 

C\SE 19 (No 3609) — Fouts, aged 27, white He had had severe rheuma- 
tism of the right leg, thigh and back when 5 jears of age June 9, 1918 
there developed, during drilling disability in the back right thigh and leg 
without joint swelling but with stiffness This man presented on admission, the 
symptoms of acute myositis of the muscles ot tlie right leg with exquisite 
tenderness to pressure Two teeth were abscessed, but there were no other 
foci and roentgen-ray examination of the extremities was negativ'e After 
critical study tins soldier was found to have forward dislocation of the fifth 
lumbar vertebra, apparently originating from trauma 

C-vsE 20 (No 3658) — ^Wasson, aged 21, white had had no previous attack 
of rheumatism and did full duty until August, 1917, when he fell, hurting Ins 
right hip After two or three days he again did full duty Six weeks later 
the right hip became painful and a cast was applied After removal both knees 
became swollen and the elbows and fingers of the right hand and wrist became 
stiff, the right ankle was sore but not swollen The full differential blood 
counts were normal, but there were changes in the shape and size of the red 
blood corpuscles The platelets were decreased This soldier was apparently 
entirelv free from demonstrable surgical infection On admission to U S 
Army General Hospital No 9 the symptoms in the hands and wrist were inter- 
mittent and slight, but the hip necessitated a cast and orthopedic treatment in 
bed He was still in bed in May, 1919 

CvsE 21 (No 3645) — Whittington, private aged 29, white, had had no pre- 
vious attacks He did full infantry duty until December, 1917, when he stood 
in water up to his knees while fighting a fire in France From this date he 
had disability^ progressiv'ely' in his ankles, knees, hips, shoulders, elbows, wrists 
and fingers of both hands with fever After six or seven months in bed, he 
improved considerably and on admission to the hospital the chief evidences 
were in the left knee which was kept flexed There were diffuse symptoms of 
varying intensity in the hands and elsewhere, but vertebral arthritis was 
apparently tlie most active cause of trouble This patient had dental, tonsillar 
and genito-urinary' foci when he was taken sick, and tlieir removal was appar- 
ently of benefit, although he was still considerably disabled about jMay 1919 
The greatest relief was obtained from an orthopedic brace 

C-vsE 22 (No 3712) — Oberg, aged 24, white had six previous attacks, begin- 
ning in early childhood He did full duty in the medical corps and after 
some stiffness in the hips in the spring and early^ summer of 1918, he was 
taken sick Aug 23, 1918, in France, with exacerbation of previous disability 
and fev er He w as confined to bed, and the trouble spread to the left shoulder 
and later, after the application of a cast from the waist to the hips, it spread 
to knees This case was very' severe from the start, and was treated overseas 
by foreign protein injections which caused severe reaction and increased local 
tenderness He also received baking, massage, electricity' and other treat- 
ments Examinations at other hospitals had revealed no foci On admission 
this patient presented kyphotic ankylosis of the entire spine. Great disability 
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\\ith marked roentgen-ray changes in the left shoulder, complete ankjlosis 
of the hips and practically also of the knees Shortly after admission an 
abscessed root was removed with apparent benefit This patient was treated 
with interesting and beneficial results by reduced diet The case is fully 
described under “Dietary Considerations” He was the subject of many lab- 
oratory studies On his discharge about May 25, 1919, he was greatly improved, 
could walk on crutches, and had full rotation and increased flexion of the hips 
and considerable flexion of the knees The spine apparently presented a bon> 
ankylosis Two weeks before discharge, after his improvement had become 
established his tonsils were removed as a prophylactic measure They were 
found ^ery small and necrotic, and showed St> cptococcus hemolyticus This 
soldier was not making important progress before treatment was undertaken, and 
the result in this case was not open to question Further interesting features 
are described under “Clinical Considerations ” He reported himself as doing 
very well m August, 1919 

Case 23, — C O’Brien, aged 32, white, orthopedic service, was suddenly 
affected May 30, 1918, following exposure, with pain, swelling and redness 
of the right knee and ankle Foci were reported as negative on admission 
Roentgen-ray examination showed bony destruction, spur formation and atrophy 
The diagnosis in this case was complicated by the possibility of gonococcal 
or syphilitic infection and occasional exacerbations due to trauma when drunk 
The knee was greatly enlarged, hard, painful on motion, which was limited, 
but was not very tender on palpation Rest in a cast achieved much sub- 
sidence and some return of function 

C^SE 24 — Miss S, army nurse corps, aged 48, white, was taken sick in 
August, 1919, while at Camp Meade, with pains m the hips and the calves of 
the legs The nature of her condition was in doubt, but final!}' it was diag- 
nosed as myositis of a rheumatic nature for which she was lef erred to U S 
Army General Hospital No 9 No foci of infection could be detected There 
W'ere trifling, almost microscopic o^ergrow'ths on the shafts of the phalanges to 
wdiich only doubtful importance could be attached and the diagnosis of rheuma- 
tism or arthritis could not be established She presented scattered tender points 
in the legs and gluteal legions and incision over one tibia showed numerous 
fatty accumulations w'hich were negatne on examination and to culture The 
sharp contrast of her pain and the normal sugar tolerance first suggested the 
nonrheumatic nature of this case 

Case 25 (No 3674) — Eckman, pruate aged 29 white This case was 
studied as an example of a convalescent arthritic He had rheumatism in 
September, 1917, and was in bed for three w'eeks Sent 26, 1918, after exposure, 
he was acutely affected by swelling, and teffderness of the knees, ankles and 
cahes Nine teeth W'ere extracted at this time He began to improve in 
No\ ember, 1918, and was entirel}' w'ell when discharged Feb 10, 1919 He had 
been m bed for ten weeks On date of sugar tolerance test patient had been 
w ell for about eleven weeks Apparently he had no foci of infection on this date 

Case 26 (No 3807) — Mosely, prnate, aged 29, wdiite This man was studied 
and reported as a case of convalescent arthritis He had had no previous 
attacks of rheumatism He was taken sick May 14, 1918, following exposure, 
with pain m the knees, hips, leg and thigh muscles, without swelling There 
were foci m the tonsils but he made a recovery w’lthout their removal and 
was entirelj w'ell when discharged Feb 10, 1919 He had been in bed for 
three weeks and m the hospital for six weeks 

Case 27 (No 3196) — Sephers Black, prn ate, aged 26, white, had had 
mflammator\ rheumatism at 8 jears of age The present illness began October, 
1918, about two w'eeks after a severe pneumonia with rheumatic pains in the 
left leg, then the left shoulder and arm, then both arms and legs The late 
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onset after infection is to be noted He had been practicalh, free from sjinp- 
toins for fi\e weeks on the date of sugar tolerance test, Feb 10, 1919 There 
were foci in the tonsils on this date, and he reco\ered in spite of them 

Case 28 (No 3329) —Fred Stone, sergeant, aged 40, white, had no previous 
attacks Following exposure, in February, 1918, he developed arthritis of the 
spine, shoulders and hips He had had dysentery in June and August, 1918 His 
rheumatism did not prevent his continuing on duty in a machine-gun battalion, 
but about September, 1918, he went to the hospital and never returned to duty 
Several teeth were extracted in October because of abscesses and he made a 
substantial recovery On the date of the sugar tolerance test, February, 1919, 
Ills symptoms had been absent for three rveeks 

Case 29— C Collins, aged 27, white, had had since his twentieth year from 
one to three attacks of rheumatism yearly, involving the knees, hips, shoulders 
and ankles, without swelling Present illness began Nov 9, 1918, following 
dysentery, and affected the hips, shoulders and knees He w'as in bed five 
weeks, two months prior to the sugar tolerance test made Feb 10, 1919 Free- 
dom from symptoms had then lasted five weeks Apparently no foci were present 
on this date 

Case 30 (No 3716) — R Stewart, aged 26, white, had no previous attacks 
September, 1918, following dysentery, there developed gradual swelling and 
pain of the left knee He had had abscessed teeth which were not removed, 
but he made a complete recovery At the time of the sugar tolerance test, 
Feb 11, 1919, he had been well for seven weeks 

Case 31 — Moehler, aged 34, white, had no previous attacks Present attack 
began gradually in October, 1918, and involved the back, hips, thighs, knees 
and ankles, with swelling All foci were reported negative and he was well 
on the date of sugar tolerance test, Feb 11, 1919 ' 

Case 32 (No 3919) — Moon, aged 31, white, had a suggestion of rheumatism 
111 the legs in 1914 and m October, 1918, while in the hospital with diarrhea 
he was affected with pain and swelling m the knees and ankles There were 
apparently no surgical foci, and he had made an entire recovery at time of 
sugar tolerance test, Feb 11, 1919 

Case 33 — G Cullen, aged 30, white, had no previous attacks Present 
attack began gradually, following exposure June, 1918, affecting the right hip, 
then the left hip, left leg and the shoulders The teeth showed foci He took 
salicylates in large doses overseas, but the condition ran a slow course He 
had been practically well for seven weeks Avhen the sugar tolerance test was 
taken, Feb 12, 1919 He then had a possible focus in one tooth No foci were 
removed m this case and the tonsils had been enucleated twenty-one years before 
Case 34 (No 3676) — Gaffney, aged 19, white, had a slight attack of rheu- 
matism m 1915 with “sore 3 omts'’ The present attack began June 15, 1918, 
nnolving the thighs and knees with swelling He kept with his company until 
September when he had to go to the hospital and he never returned to dut}' 
There were no demonstrable foci in this case He nas taken sick five months 
before, and had been well for three ueeks prior to the sugar tolerance test, 
made Feb 12. 1919 

Case 35 (No 3625) — Cabbage, aged 27, white, had no previous attacks In 
Tunc, 1919, following exposure, there gradually developed disability in the 
lumbar spine and the right knee He made an essential recover}' in the pres- 
ence of foci in the tonsils, which were removed on the day following the sugar 
tolerance test made Feb 12, 1919 

CvsE 36 (No 3201) —Clement sergeant, aged 29, white, had no previous 
attacks September, 1918, following dvsenter}, there graduall} developed ten- 
derness and swelling of the knees, feet, ankles and finally all the joints He 
made a recover} in the presence of dental foci which were still present on the 
date of sugar tolerance test, Feb 17, 1919 At this time his residual symptoms 



396 


ARCHIVES OF INTERNAL MEDICINE 


were chiefly tenderness and pain in the heels on pressure and motion, with 
some swelling March 17, 1919, he was practically well and afforded one of 
the few instances of practically convalescent arthritics still retaining a high 
sugar curve 

Case 37 (No 4037) — Chester Tally, aged 19, white, had no previous attacks 
Oct 27, 1918, following exposure, rheumatism began m the right knee, leg 
and foot, with slight swelling He went to the hospital and never returned 
to duty He recovered in the presence of an abscessed tooth which was not 
removed and on the date of the sugar tolerance test, Feb 19, 1919, he had been 
well for two months At this time he also had hypertrophied tonsils, which 
the eye, ear, nose and throat department reported, however, to be free from 
foci of infection 

Case 38 (No 4027) — Morris, private, aged 23, white, had no previous 
attacks Sept 27, 1918, he developed pneumonia and was m bed until Novem- 
ber 14 Six days after leaving bed his ankles became swollen and painful, 
followed by disability in the knees, thighs and hips There were foci in the 
tonsils, but tonsillectomy was refused as he had recovered by Feb 19, 1919, 
the day of the sugar tolerance test Operation was not insisted on On this 
date his freedom from trouble had lasted about three w'eeks 

Case 39 (No 4047) — Albert Thompson, aged 25, white, had occasional pains 
m his feet during the past four years, but no clear rheumatism About Sep- 
tember 21, he developed rheumatism in the right knee which became swollen 
and painful, he then spent six weeks in the hospital and never returned to 
duty There were foci in the tonsils, which were removed after the normal 
sugar tolerance test on Feb 19, 1919, on which occasion the right knee had 
nearly full function and was not tender, but possibly was still slightly enlarged 
His state of improvement had then lasted about one month 

Case 40 (No 4021) — Gross, aged 24, white, had no previous attacks In 
September, 1918, he developed pneumonia in France and was in bed three 
weeks After recovery, he returned to his work as truck driver He developed 
rheumatism early m November in the right ankle, it then spread to the left 
ankle and knees, which became swollen He was exposed to cold and wet at 
the time of onset He kept at work for two weeks and was then sent to 
the hospital and w'as in bed for three weeks He never returned to dut}' 

This patient had chronic tonsillitis, and on the date of a normal sugar toler- 

ance test, Feb 20, 1919, he was practically well, three and a half months aftei 
onset His present improvement had lasted one month No foci were removed 

Case 41 (No 4184) — Greenberg, private, aged 26, white, had no previous 
attacks The onset of his condition, Oct 20, 1918, followed exposure, and began 
wuth pain in the hips and knees There were apparently no demonstrable 
surgical foci of infection in the teeth or m the genito-urinary tract, the tonsils 
were cryptic He had been well for six weeks by the date of practically nor- 
mal sugar tolerance test, Feb 20, 1919 

Case 42 (No 4001) — Kerr, aged 22, white, had rheumatism in the knees 

and ankles when 6 jears of age In October, 1918, he had influenza, after 

recovery he was sent to a replacement camp and did eighteen days of full 
duty He was taken sick in December with rheumatism of the knees and 
ankles There was a chronic tonsillitis without symptoms, but he made a 
complete recovery On the day of the normal sugar curve, Feb 20, 1919, he 
had been well for one month 

Case 43 (No 4194) — ^Wilburt, aged 40, white, had no previous attacks 
Present illness began October, 1918, following exposure, with stiffness, but no 
swelling, involving the elbows, knees, wrists, ankles and last the feet and 
fingers On admission symptoms were confined to the fingers, elbows and 
knees, and on the date of a very slightly elevated sugar curve, Feb 21, 1919, 
he was nearly w'ell His tonsils were removed subsequently and were nega- 
tne for Sft eptococcus heviolyHcus This relieved trifling residual sj'inptoms 
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Case 44 (No 4187) —Brake, corporal, aged 20, ^\hJte, had no preMous 
attacks Oct 24, 1918, he developed dj'senterj which lasted three or four dajs 
While in the hospital, and one week after the attack of dysentery was o\cr 
he developed rheumatism of the metatarsophalangeal joints of the feet The 
tonsils were positive for foci, and he had made a considerable impro\ ement 
on admission Tonsillectomy, March 27, possibly benefited him slightly, but 
more improvement followed nonspecific protein injections On the date of a 
normal sugar tolerance test, Feb 21, 1919, he presented a tonsillar focus and 
distinct, but mild, symptoms which had improved and w^ere still improving Tlie 
tonsils proved to be diseased slightly 

Case 45 (No 4295) —Barger, aged 22, w'hite, had one previous attack in the 
spring of 1916 He did full duty m the infantry overseas August 30, pains 
began m the left knee, hip, ankle, elbow^ and right shoulder He remained 
with his company until October 29, when a rectal abscess developed An 
operation was followed by recovery m four weeks Rheumatic pain continued 
while he was in the hospital, but became w'orse after the operation He never 
returned to duty but made a slow improvement In January, 1919, he had an 
attack of measles in this country wntli sharp recurrence of arthritis On 
admission he presented an intense arthritis of the left hip and the metatarso- 
phalangeal joints of the left foot, the knee being kept flexed in bad position 
and immovable This case was of great interest and is described under “Studies 
on the Blood Sugar” He gave a high curve when seen Feb 27, 1919, and about 
one month later, wdien entirely well, two weeks after tonsillectomy, he gave 
a normal sugar curve It is important to note the apparently contributory role 
of the tonsils and the delay of more than six months of invalidism before their 
1 emoval 

Case 46 — Hethenngton, aged 40, white, had no previous attacks Present 
illness began August, 1918, after being gassed and injured in the back The 
chief symptom w^as spondylitis, with changes demonstrable by the roentgen rays 
There were foci in the teeth and tonsils His condition was stationary until 
after extraction of six teeth, when improvement became marked He gave 
a high sugar curve March 6, 1919, and a nearly normal curve six weeks later 
when the teeth had been extracted 

Case 47 (No 4049) — Chaney, aged 29, white, had no clear rheumatism but 
some knee trouble in 1916 He did full duty carrying a machine-gun tripod, 
which he thinks induced him to stoop and started the pain and stiffness in 
the spine and back muscles during August, 1918 In October he developed 
influenza and was in bed three weeks which was followed by aggravation of 
his rheumatism A slow improvement resulted and on admission he was stoop- 
shouldered and apparently fixed in that position This case was of much inter- 
est and was thought to be tuberculous, but the intercurrence of other rheumatic 
sjouptoms in the left knee, hip and shoulder proved its rheumatic nature He 
gave a negative reaction to tuberculin The tonsils were diseased They were 
removed with no apparent benefit Roentgen-ray examination was a,pparently 
positive The lumbar spine was flattened and fixed and there was marked 
kyphosis in the upper dorsal region At the time a slightly elevated sugar 
curve was noted, i\Iprch 6, 1919 Ins tonsils had not yet been removed and he 
was 111 an interim between exacerbations 

Case 48 (No 4238) —Jansen, aged 32, white, had an attack five jears before 
involving the ankles, knees and hips Present attack began graduallj, about 
May, 1918, involving the back, knees, hips and ankles Confinement to bed 
m a sitting position apparently induced a stooping posture which required him 
to support his bod 3 above the waist bj placing his hands above his knees The 
tonsils had been removed in Januarj, 1919 After admission in February, 1919, 
after long observation, the patient was found to be improving slovvlj but 
steadilv, assisted bv external measures A psvchic element was suspected but 
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he gave in the absence of foci an ele^ateci sugar curve Roentgen-ray exam- 
ination was negative, but this was probably a true instance of arthritis This 
case and the preceding one emphasized the desirability of orthopedic assistance 
and the difficulty in reaching a correct diagnosis See “Clinical Considerations ” 

Case 49 — Kotschorek, aged 25, uhite, had no previous attacks Present 
attack began Oct 1, 1918, following injury, with involvement of the lumbar 
spine, left hip and right knee This case was on the orthopedic service and 
proved to be apparently tuberculous He gave a normal sugar tolerance on 
two occasions, three weeks apart and the tuberculin reaction was positive 
He also had a psoas abscess 

Case 50 — Lieutenant Gibson, aged 33, white, had no previous attacks 
Present attack began in the fall of 1918, inrolving the left knee and shoulder 
and later other joints Tonsillectomj^ was performed November, 1918, and he 
had no foci on admission This case ran a refractory course and gave a 
moderately elevated sugar tolerance curie which later fell to normal, follow- 
ing nonspecific protein injections Improvement resulted as described under 
“Studies on the Blood Sugar” and “Clinical Considerations” The protein injec- 
tions were accompanied by marked facial herpes 

Case 51 (No 3797) — Lau, aged 27, iihite, had no previous attacks Symp- 
toms dated from gassing and high explosives Sept 30, 1918, and were never 
clearly rheumatic, although possibly truely so One site of pain was above the 
costal borders posteriorly, this region was very tender to touch This was 
noticed in other patients also He had eczema of the hands and chronically 
diseased tonsils Following an injury in mid-boyhood, one testicle was trans- 
planted with apparently subsequent atrophj This soldier show'cd loss of 
secondary sexual characteristics and grew much fatter in the hospital He 
presented a very low sugar curve, that is, a high tolerance There was prob- 
ably a mild neurotic element Tonsillectomy was not followed by noteworthv 
change 

Case 52 — Lieutenant Lynch, aged 33, wdiite, had no previous attacks Pres- 
ent attack began August, 1918, but he recovered He again became acutely and 
more severely sick, Oct 30, 1918, with pains in the feet, knees, right hip, 
elbow and jaw He ran a very refractory course and became crippled all 
over, including the spine and back region He improved under dietetic mea- 
sures, and tonsillectomy, as is fully described under “Dietary Considerations ” 
The sugar curve, March 22, 1919, was lower than his clinical condition sug- 
gested a prion, but his tonsils proved negative for Sii eptococcus hemolyttcus 
Subsequent to this test and the tonsillectomy, he developed a seiere irido- 
cyclitis but eventually was well started towmrd recovery 

Case 53 — ^Mrs K , Red Cross worker, aged 47, for some years had various 
arthritic disability and deformity of all finger joints She had tonsillar and 
dental foci March 22, 1919, and gave a high sugar curve This case was care- 
fully studied and presented several points of interest Tonsillectomy was per- 
formed April 2 Five days later, after two days of sharp unintended low' 
feeding, her hands showed marked improvement On resuming her full diet 
the previous condition returned in all its severity She then developed acute 
catarrhal jaundice, with extreme obstipation and fecal impaction During ten 
days of extremely low diet, necessitated by nausea, her joint condition entirelj' 
cleared up again and remained so until she again was eating as before Her 
phalangeal arthritis then returned Dental treatment was postponed until 
further recovery of strength She disappeared from observation on closure of 
the hospital This case illustrates the definite improvement coincident w'lth 
postoperative starvation as frequently emphasized by me previously and 
further exemplified by Case 52 (Lynch) It also illustrates the occurrence 
of this improiement in the presence of infection (dental foci and prob- 
ably also infection associated w'lth the catarrhal jaundice) Compare the 
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impro\ einent of Obcrg (Case 22) under low diet in the presence oi tonsillar 
infection as described under “Dietary Considerations ” It is particular!} to 
be noted that the arthritis returned twice in her case after tw'ice disappearing 
under low feeding (Compare similar return in Case 52, Ljnch ) 

Case 54— Miss A, aged about 59 years, studied by permission of the com- 
manding officer and in conjunction with Lieutenant-Colonel Gittings, had an 
arthritis of some years standing, affecting her hands March 26, 1919, she gave 
a somewhat elevated sugar cun^e wdiich returned very slowly to its original 
level She had been pronounced free from focal infection 

Case 55— Cotter, aged 33, white, had no previous attack Present attack 
began Nov 30, 1918, follow ing a hike, with disability in the back, and the right 
hip, which became stiff and painful to motion and pressure His symptoms 
w'ere subacute He had a tonsillar focus, gave a normal sugar tolerance 
^pril 2, 1919, and was apparently not greatly benefited by tonsillectomy or 
protein injections There was difficulty in relating his normal sugar curve 
to his subjective complaints There were no visible evidences of trouble, but 
this cur\e ma} bale been an e\ception to the usual findings 

Case 56 (No 5165) — Kearlj', aged 52, white, had no previous attacks The 
present attack began Nov 20, 1918, wuth pains in the left hip, knee and foot 
He w’alked w'lth much difficulty, and his left big toe showed bony overgrowth 
objectively and roentgenographically On admission this patient thought he 
was improving, follow'ing a furlough home, where he received treatment by 
sweats He gave a practically normal sugar tolerance and refused tonsil- 
lectomy, which was indicated, hut he did distinctly improve and finally walked 
quite freely up and down stairs When this improvement was fairly estab- 
lished, an abscessed tooth w’as extracted which may have been of further assis- 
tance to his recovery The normal tolerance of this patient may be another 
marked exception to the usual findings or referable to the distinct progress 
toward recovery 

Case 57 — ^Longenberger, aged 21, white, had no previous attacks Present 
attack began Nov 27, 1918, m the left knee, following exposure The course 
of his disease was very refractory, and he gave a distinctly lowered sugar 
tolerance He apparently w'as free from any foci anywhere, his tonsils having 
been removed Feb 5, 1919 This w^as wuthout any effect May 15 One injec- 
tion of nonspecific protein had also failed to benefit him This is one of a 
number of cases in which reduced diet should have been instituted, but closure 
of the hospital preiented further treatment 

Case 58 (No 5233) — Bruno, aged 21, A\hite, had no previous attacks 
Present attack began November, 1918, m the knees and ankles, following 
exposure He had positive tonsil and dental foci, but after being in bed 
one month he made a good recovery and w'as free from symptoms May 16, 
1919, when he gave a moderately elevated sugar curve No foci had been 
remov'ed and he had been w’^ell for one month 

Case 59 (No 5252) —Flanders, aged 27, white, had inflammatory rheuma- 
tism when 13 years of age, and ver>- slight pains in January, 1918, but he 
was not confined to bed A bad tooth was extracted two >ears previously 
Present attack began Nov IS, 1918, with stiffness and pam m the legs, ankles, 
feet, left shoulder and hips, with swelling of the feet but no fever He was 
m bed one month and on admission had made a considerable recover}', but 
the heels under the Achilles tendons were very tender to pressure and motion 
He thought his condition was stationary for six weeks past He gave a sugar 
tolerance definitely but not markedlv below normal, the curves showing a 
tendency to remain elevated 

The roentgen-ra} examination was positive, and he had foci in his teeth 
and tonsils Closure of the hospital prevented final data m this case, but he 
was evidentl} on the wa} to recover} There was no removal of foci 
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Ca.se 60 (No 4804) — Herron, sergeant, aged 24, white, no previous attacks 
Present illness began Ma>, 1917, following appendiceal abscess with pain in 
the hips, fingers and knees Following a sharp exacerbation about May 15, 
1919, accompanied by fever, as described under “Clinical Considerations,” he 
gave a greatly low^ered sugar tolerance, although at that time he was free 
from symptoms He had been treated by acetylsalicylic acid but had received 
none on the da}' of the test In the early course of the present illness he 
had been benefited by treatment at Hot Springs, Ark Repeated examinations 
made at U S Army General Hospital No 9 failed to re\eal demonstrable foci 
Closure of the hospital prevented further observation 

Case 61 (No 5313) — Harry Miller, aged 22, white, had slight rheumatic 
pain m the left leg three years previously Present attack began April, 1919 
with disability m the heels and in the right knee He was admitted from his 
command and while in the hospital he developed a sharp exacerbation with 
fe\er, pain and sw'ellmg He had foci m the tonsils, which were removed 
April 29 Eight days previously, during this exacerbation, he showed a very 
high sugar curie, w'hich was still high three days later w'hen his symptoms 
were relieved by acetylsalic}lic acid Twelve days after the tonsillectomy he 
had another sharp exacerbation, wuth fluid m the right knee and pain in the 
neighboring muscles May 13 two weeks after the tonsillectomy, and when 
comalescing from the exacerbation just mentioned, he ga\e a much lower sugar 
cun e, indicatn e of a marked return of the sugar tolerance tow ard normal 
although It was still slightly elevated, to 0167 per cent Closure of the hos- 
pital preiented following this case further 

Case 62 — McKensie, aged 20 white, had rheumatic fever when 10 years 
old, another attack in 1918, and three other mild attacks thereafter, five attacks 
m all This case is described under “Obsenations on the Blood Sugar” as 
an instance of markedly lowered sugar tolerance during rheumatic fever He 
had a dental focus After recoiery from the inflammatory attack, for which 
he was admitted, he again dei eloped an attack with fe\er He refused dental 
treatment, but recoiered symptomaticall} under medication and w'as discharged 
on the closure of the hospital He gave a double plus Wassermann reaction 
(arm} standard) 

Case 63 (No 4919) • — Folden, aged 24, wdiite, for ten years had been sub- 
ject to arthritic pains m the right leg Present illness began gradually in 
June, 1918 in first the right leg and arm later imolving the elbow' and 
shoulder, follow'ing exposure This soldier had really never been well since 
his induction into the army, although he recovered sufficiently overseas to 
receive a gunshot wound going over the top He illustrates the type of per- 
son who should be rejected in the draft or preferably segregated for removal 
of disease producing factors He had tonsillar foci of infection which were 
removed April 24 as he was still invalided then May 12, eighteen days later 
he had a sharp exacerbation of his symptoms, with enlargement and tender- 
ness of the leg simulating phlebitis This is described under “Clinical Con- 
siderations ” Closure of the hospital prev'ented further observ ation 

Case 64 (No 3689) — Harry Fisher, aged 23, white, one month before 
entering the arm} had rheumatism in the elbow, shoulder, fingers and ankle 
Present attack began December, 1918, following exposure in the trenches and 
affected his feet and hands There were foci in the tonsils and positive roent- 
gen-ra} findings On admission he had made a limited improvement, but 
later he developed a severe rheumatic iridoc}clitis because of which tonsil- 
lectoiT!} was postponed Shortl} thereafter he disappeared from observation on 
closure of the hospital 

Case 65 (No 5245) — Gale, aged 28, white, had no previous attacks Pres- 
ent attack began Sept 15, 1918 about coincidentally with an abscess of jaw 
follow mg tooth trouble and affected his right leg, hip and knee, and later 
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his hands He was much benefited In warm baths at Aix and made a con- 
siderable recoAcrj in the presence of a tonsil focus Ihis was later reino\ed 
w'lth much further benefit 

Case 66— Basits, aged 20, w-hite, was taken sick o\erseas with trouble in 
his left ankle which later was incised After improvement his left knee grew' 
painful, it became v'ery large and fluid accumulated in it It was regarded 
as tuberculous but repeated guinea-pig injections overseas and in this country 
proved negative Tuberculin injections caused a marked febrile rise and 
made him distinctly worse Dental and tonsil foci were removed without 
obvious improvement After applying a cast, the condition subsided somewhat 
Closure of the hospital prevented further observation This case illustrated 
that cases ina}' strongly suggest tuberculous conditions without being so 
Other instances of the kind indicated that tuberculous arthritis may not be 
as frequent as has been supposed 

Case 67 (No 3550) — Burgess, corporal, aged 23, white, had no previous 
attacks He had dysentery in August, 1918, lasting seven days It never 
recurred He spent one week m a convalescent camp and then suddenly devel- 
oped rheumatism of the right vv rist, left hip and both knees He was in bed 
two and one-half months This case illustrates the occasional late onset fol- 
lowing infection described under “Clinical Considerations ” Convalescence was 
slow but practically complete The tonsils had been removed when he was 
12 years of age This case apparently ran its entire course in the absence of 
demonstrable surgical foci 

Case 68 — Lieutenant Turner, aged 31, white, had one previous attack in 

1917 Present attack began gradually about Sept 1, 1918 About October 25 
he reported sick, with inv'olvement of his ankles, feet, elbows, shoulders and 
knees Tonsillectomy was performed Feb 18, 1919, when he had recovered 
except for involvement of one knee Only limited improvement followed, and 
protein injections were necessary two months later These helped slightly On 
discharge, his condition was only intermittently active 

Case 69 (No 4481) — McIntyre, sergeant, aged 21, white, had no previous 
attacks While in a German prison camp he developed "meningitis,” Oct 1, 

1918 Following recovery he had stiffness and tenderness in the back, with 
some symptoms in the left wrist He had foci in his teeth and tonsils and 
tonsillectomy was performed April 9, 1919 One tooth was extracted Dimin- 
ished tenderness was noted five weeks later, he also had marked flatfoot from 
invalidism The back was flattened over the lower half, and this case con- 
stituted one of the dorsal type difficult of diagnosis The tonsils were nega- 
tiv^e for Sli cptococcus hciiiolyttcus 

Case 70 (No 3809) — Fontanella, aged 20, white, had no previous attacks 
Present attack began gradually m October, 1917, following exposure He 
remained on full dutj' until March when he was put on light dutj May 24 
he was sent to the hospital This man presented a wide female tjpe of pelvis 
He was taken sick m the presence of tonsillar and dental foci One tooth was 
extracted about April 1 Two tuberculin tests were negative His chief com- 
plaint was dull pains in the left leg and later in the back A mass was palpable 
to the left of the vertebral column posteriorly, diagnosis apparently was Pott’s 
disease His function improved much after application of a brace This case 
illustrates the difficulties of diagnosis, unless qualified orthopedic help is 
av ailable 

Case 71 (No 4567) —Craw ford, corporal, aged 30, white, had one attack 
111 1913 in his hip Present attack began m September, 1917, following exposure 
Toiisillectom} was performed the same month without benefit so far as the 
mild svmptoms were concerned The distribution was left liip, right ankle, 
back and occasionallv other joints The arthritis grew worse in October In 
Jaiiuarv , 1919, he had a tooth extracted also without benefit This case w^as 
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very severe The man became bed-ridden and developed edema of the ankle 
He was too sick for radical treatment and on closure of the hospital he was 
transferred to Hot Springs, Ark 

Case 72 — Barkely, aged 27, white, had no previous attacks He had ton- 
sillitis in November, 1917, erysipelas in January, 1918, pleurisy in March, 1918, 
pericarditis m April, 1918, mild ear trouble in August, 1918, at which time 
the wrist became involved The wrist grew worse m December, 1918, with 
swelling and some tenderness and a heel ulcer developed m January, 1918 The 
fluid contents were sterile The ulcer refused to heal and the wrist made lit- 
tle or no progress Tuberculosis was a strong possibility, but was not proved 
This case had tonsillar and dental foci which were removed The Wassermann 
test and roentgen-ray examination were negative On the orthopedic service 
Case 73 — Lieut Jordan, aged 23, white, had no previous attacks, but had fre- 
quent attacks of tonsillitis during last two years Present attack began in the 
right hip, right sacroiliac joint and lower lumbar vertebrae about Sept 1, 1918 
Tonsillectomy was performed April, 2, 1919 He improved but was still greatly 
disabled Further observation was prevented by closure of the hospital This 
case illustrates the repeated delay observed in instituting the proper therapy 
C'l.sr 74 (No 5351) — Curie}', aged 32, white, had no previous attacks The 
present attack began about Feb 1, 1918, involving the legs, back, hips, knees, 
ankles, right shoulder and neck following exposure Tonsillar and genito-unnary 
foci were present He was apparently improved by prostatic massage Ton- 
sillectomy was performed April 12, 1919 

Case 75 (No 4828) — Dion, sergeant-major, aged 30, white, had no previous 
attacks, but he had a sore throat nearly every year Present attack began in 
Januarj 1918, with pains in the knees and feet, following exposure His ton- 
sils were removed March 24 1919, and he also had a dental abscess This 
case resembled Case 10 (Masood), Case 14 (Lowe), and Case 15 (Studebaker) 
in the exquisite tenderness on light touch over the legs and feet, and absence 
of objective evidences Closure of the hospital prevented final observation 
Case 76 — Miss H , aged 45, army nurse corps, had no previous attacks She 
was taken sick suddenly Jan 1, 1919, with rheumatism of the left shoulder 
and right hand On admission her chief trouble was m the right sciatic region 
and in the left shoulder She was reported definitely to have no foci of 
infection and after remaining stationary for some months she showed marked 
and gratifying improvement under restricted diet as detailed under Dietary Con- 
siderations ” A genito-unnary examination was not made 

Case 77 (No 5443) — Lieutenant Morris, aged 24, white, had no previous 
attacks He was taken sick in August, 1918, with involvement of his left 
hip and later the left foot, both knees, hips and shoulders and one finger 
He had dental, tonsil and genito-unnary foci An abscessed tooth was drained 
without benefit in September, 1918 March 27, his tonsils were removed with good 
results and he received treatment for prostatitis Six weeks later he was 
better but he was not well on closure of the hospital 

Case 78 (No 4997) — Kirkwood, aged 23, colored, had no previous attacks 
December, 1918, he developed rheumatism of the ankles, knees, right hip, right 
wrist and back He was m bed three weeks with fever, much swelling and 
pain He had a gonococcal infection in August, 1918 The only infection 
was located in the genito-unnary tract and this case may have been of 
gonococcus origin, although this is uncertain He had made considerable 
improvement along expectant lines and was further benefited by genito-unnary 
treatment but was not well on the closure of the hospital 

Case 79 — Cox, aged 36, white, had no previous attacks He had rheuma- 
tism of several joints following exposure in the trenches, and was struck 
on the wrist with a musket Feb 21, 1918 He then became stiff in every 
joint within a few days All symptoms subsided, except in the wrist On 
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admission he was found to ha^e a fracture of one carpal bone Remo\al of 
fragments and immobih/ation was followed bj lmpro^ement and eventual sub- 
sidence, leaving a small range of motion The reaction in the wrist following 
operation, however, w'as atypical and was regarded by Major Cleary of the 
orthopedic ser\ ice as due to a rheumatic condition There w^as undoubted!} 
some slight rheumatism elsewdiere He had foci in the tonsils 

Gasp 80 (No 4479) — Spaterro, aged 32, white No previous attacks Pres- 
ent attack began in August, 1918, with pains in the left WTist which became 
swollen He went to the hospital in November and remained there The 
roentgen ray showed one carpal bone to be markedly rarefied There w-ere no 
foci anywhere The case w'as thought to be tuberculous but a negative tuber- 
culin reaction w'as obtained This seems to be an atypical example of true 
arthritis A cast was advised wdien the hospital closed and he was trans- 
ferred elsewdiere 

Case 81 (No 3312) — Schoonover, aged 24, white, had no previous attacks 
He did full duty in the infantry until he was gassed in August and sent to 
the hospital He had been exposed to cold and wet before then, and had stiff 
joints as a result In October, however, he was for the first time seriousl} 
afflicted with iheumatism which came on while in the hospital, first involv- 
ing the right hip and right knee, then both shoulders He was in bed October 
and November, then improved, but the right knee remained in statu quo with 
some symptoms at other points occasional!} He had a tonsillar focus which was 
removed although no marked influence could be seen on the arthritis in tvvm 
and one-half months 

Casp 82 — Lieutenant Keys, aged 33, white, had rheumatism in 1914 and 1916 
Present attack came on Jan 2, 1919, involving the right shoulder, back, knees 
and other joints He had foci in the genito-unnary tract and tonsils When 
considerable improvement had occurred, tonsillectomy was performed He con- 
tinued to improve further and also received treatment for the genito-unnary 
condition The tonsils were negative for Sti cptococcus hemolyttcus This 
case was regarded by Capt George Smith, chief of the genito-unnary depart- 
ment, as one of the few cases apparently due to genito-unnary infection His 
further improvement seemed to relate somewhat to treatment of this 

Case 83 — Mrs G, aged 50, white, was studied by permission of the com- 
manding officer She had suffered for some years with a progressive arthritis 
of her hands, knees, shoulders and feet She had her tonsils and all other 
foci removed two years before without any real benefit 

Case 84 (No 1275) — DeKiin, sergeant, aged 42, white, had no previous 
attacks Present attack began gradually in January, 1918, involving the left 
shoulder, hip, knee, ankle and spine, following exposure The knuckles of 
the hand were enlarged and headache was a persistent symptom Received 
frequent protein injections without benefit 

Case 85 — Leeman, aged 18, white, had no previous attacks Present attack 
began m October, 1917, involving the feet, following exposure Several teeth 
were extracted m France Had foci in his tonsils which were removed and 
found diseased This man had great tenderness m the metatarsophalangeal 
joints of the feet, and had not been able to walk for a year By the date of 
tonsillectom} he had greatly improved but this operation benefited him further 
The loss of time in this case and the propriety of tonsillectomy a year sooner 
are to be noted 

CvsE 86— Zuch, aged 28, white, had no previous attacks Present attack 
began in April, 1918, with pain and redness of the hip, knee and shoulders, 
following exposure and injur} to the left hip His case ran a chronic course’ 
He recovered except for the left hip and knee A small fracture m the head 
of left femur was found The roentgen ray gave definite evidence of arthritis 
elsewhere No foci were detected although the tonsils were submerged and 
mav have constituted foci 



404 


ARCHIVES OF INTERNAL MEDICINE 


Case 87 — Sharpe, aged 47, white, had preMous trouble m his back Present 
attack began in March, 1918, involving sacroiliac region, following exposure 
to damp He had abscessed teeth and uas discharged with mild disability 
shortly after the inauguration of the arthritic service He was instructed to 
have the offending teeth removed 

Case 88 — Bartkiavicus, aged 26, white, had one attack in 1914 Present 
attack began in July, 1918, involving the right shoulder, left ankle and hips, 
following gas poisoning He had tonsillar foci which uere removed Dec 13, 
1918, after he had made a full recovery 

Case 89 — Cichon, aged 22, white, had had slight recurrent attacks Present 
attack began July 29, 1918, in the wrists and hands, following exposure He 
had foci in his teeth but made an essential recovery before their removal 
Case 90 — Mulledy, aged 21, white, had rheumatism for three years at inter- 
vals Present attack began in September, 1918, in the left ankle, knee, hip, 
shoulder and elbow Most of these joints were red and swollen A tonsil- 
lectomy was done Nov 1, 1918, and was followed by slow improvement On dis- 
charge, January 2, his symptoms were trifling and intermittent 

Case 91 — Saxton, aged 24, colored, had had no prev lous attacks The 
present attack involved the knees and ankles There was apparently no focus 
and he was treated with repeated vaccine injections with alleged good results 
C\SE 92 — Kolden, aged 26, white, had an attack in 1910 lasting eight months 
Present attack began acutely Nov 21, 1917, in tbe knees, ankles, back and right 
hand Tonsils and a root abscess were remo\ed without marked benefit 
History incomplete 

Case 93 — Hamburger, aged 23, white, had no previous attacks Present 
attack began Januarj', 1918, following exposure He improved and then 
relapsed in May, 1918, many joints and his back being affected He had foci 
in tonsils and teeth and had convalesced considerably when admitted except 
for slight tenderness in the left hip and knee Removal of foci was followed 
by disappearance of residual symptoms and this soldier was still well in 
June, 1919 

Case 94 — Meadors, aged 23, i\hite, had no previous attacks Present attack 
began Jan 14, 1918, in the wrists, elbows, hips and shoulders He had foci 
111 his tonsils which were removed Sept 28, 1918 In February he had made 
slight progress, but had many painful joints m his hands He was further 
improved by nonspecific protein injections and was discharged about well 
Case 95 (No 4901) — Tmgue, aged 27, white, had a previous attack when 
14 years of age Present attack began in August, 1918, o\erseas during an 
attack of dysenterj The knees and later the hips and left shoulder became 
m\olved, and he made a slow and limited improvement He had foci in his 
tonsils which were removed Alay 7, 1919 At closure of the hospital, June 1, 
the elapsed time did not permit of reliable data as to his progress See “Clin- 
ical Considerations,” Part V 

318 South Twenty-First Street 



A RESEARCH ON BLOOD SUGAR IN DEPAN CREATIZED 

DOGS ^ 


B J DELATOUR, MD 

NEW \ORK 

Recent experiments on the intravenous injection of epinephrin in 
normal dogs give rise to a question of considerable interest If the 
injection of epinephrin causes a temporary hypeiglycemia in normal 
animals, the blood sugar increasing shortly after injection, what would 
be the result m animals from which the pancreas has been removed^ 
On this idea of investigation, these series of experiments were com- 
menced The intravenous injection of epinephiin m man has shown, 
in addition to a temporary hyperglycemia, in some cases a decrease 
in the output of carbon dioxid from ,the lungs, which supports the 
theory that epinephrin inhibits the combustion of sugar in the body, 
in opposition to the school that believes epinephrin increases the blood 
sugar by increasing the output of glycogen fiom the liver At least, 
It seemed probable in undertaking this work that a relationship or 
antagonism might be determined between the pancreas and epinephrin 
toward the metabolism of the sugar in the body 

My procedure in carrying out a numbei of experiments to this end 
was to depancreatize completely a dog and inject a given amount of 
epinephrin several days after operation, after injection withdrawing 
the blood at regulai intervals, from four minutes to one hour, for the 
purpose of the blood sugar determination 

The method of removing the pancreas was one of dissecting it 
away from the mesentery m which it is enveloped It is not difficult 
to ligate the minute vessels leading to the gland from the duodenal 
aitery and vein, which can be dissected out carefully without destroy- 
ing the circulation to the duodenum, and at the same time all the sur- 
rounding pancreatic tissue separated from them intact with the pan- 
el eas At least one layer of mesentery can be preserved, except a 
small area about 3 cm in diameter, wheie the pancreatic duct enters 
the duodenum Howevei, the preservation of a large portion of the 
duodenal mesentery seems to be of little importance, as adhesions will 
form about the duodenum In a satisfactory number of dogs, the 
adhesions did not interfere with the function of the intestine, or cause 
obstruction, waiting a sufficiently long time after operating before 
following out the experiments 

*This work ^\as done in the laboratorj' of Prof C Achard with Mm A 
Ribot and Leon Binet, whom I thank for their council m the work 
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The greatest difficulty encountered in removing the pancreas was 
in the region of the splenic artery and vein, where, in order to avoid 
hemorrhage, there is danger of leaving a small portion of the gland 

Six dogs vere operated on for removal of the pancreas by the 
method desciibed above Two died from postoperative hemorrhage, 
one twenty-four hours, the other forty-eight hours after operation 
One animal died three days after operation, owing to obstruction from 
adhesions formed about the duodenum 

If any pancreatic tissue is left behind, the blood sugar is certain 
to give indication of the error One dog (B) forty-eight hours after 
operation showed a blood sugar of 2 gm per thousand c c , and two 
days later when the blood was withdrawn for examination it showed 
approximately a normal sugar content ( 1 gm per thousand c c ) 
This animal was killed twenty-one days after operation Dense 
adhesions were found in the region of the pylorus and duodenum In 
spite of the adhesions, the duodenum had functioned well For fifteen 
days the dog had been eating the usual diet of meat, stew and rice 
At necropsy a search was made for pancreatic tissue, and after a pro- 
longed examination a small piece of tissue, not exceeding in size half 
that of a hazel nut, was found in the legion of the postmesentenc 
glands Two other dogs that were operated on continued to show a 
hyperglycemia One of these animals (Dog A) died the tenth day 
after operation, and the other (Dog C) was killed twenty-four days 
after pancreatectomy No pancreatic tissue could be found in either 
of these animals at autopsy 

Those animals from which nearly all of the pancreas is removed, 
usually showed a hyperglycemia the first two or three days after 
operation They may be useful m that time to observe the effect of 
intravenous injection of adrenalin upon the blood, but not after the 
blood sugar has returned to normal, as we then have quite the same 
condition as in normal dogs In Dog B (Table 1) we have an example 
of this, as four days after operation the blood sugar was normal, and 
incomplete removal of the pancreas was found at necropsy Two days 
after operation the blood sugar was double the normal amount It 
does not concern this particular work whether the small amount of 
pancreas left in the body was insufficient, together with the shock of the 
operation, for the first couple of days, to take over the glycogenetic 
function of the pancreatic tissue removed, or whether in a few days 
the remaining pancreatic tissue hypertrophied sufficiently to take up 
the glycogenetic function of the pancreas But it is quite certain that 
the hyperglycemia existing in dogs up to the time of their death, from 
ten to twenty-four days after operation, was not due to the operation 
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per se, but to an absolute removal of the pancreas, as sufficient tune 
had elapsed for any remaining tissue of the gland to reestablish its 
function 

As will be seen in Table 1, in the normal dog (Dog A) there was 
a marked rise of sugar in the blood, after the intravenous injection 
of epmephrm Whether epinephnn inhibits the metabolism of sugar 
m the body or tissues, or whether it augments the output of glycogen 
from some organ is of great interest, but difficult to determine abso- 
lutely The decrease m the output of carbon dioxid after the admin- 
istration of epinephnn is injected in man speaks strongly for the 
increase m blood sugar being due to an inhibition on the part of 
epinephnn to the burning of the sugars in the tissues 


TABLE 1 — Result of Intection of Epixephrin in Normal 

AND DePANCRCATIZED DoGS 




Amount 

of 

rpineph 

rin 

Injected 

1 

Blood Sugar, Gm per 1,000 0 c 

Dog 


Before 
Injection 
of Epi- 
nephrm 

Minutes After Injection of 
ISpincplirm 



! “ 

20 

30 1 

40 

A 

Before depancreatization 

1 mg 

ODi 

12o 

1 20 

0 95 


A 

After depancreatization 

img 1 
day after 
operation 

180 

1 90 

200 

1 Go 

i 1 53 

B 

After depancreatiz ition 

2 mg 4 
days after 
operation 

100 1 

1 

] 

130 

150 

1 


C 

After depanereatization 

2 mg 11 
days after 
operation 

3 00 

1 

1 

300 

1 

300 

310 



In Dog A the rise of blood sugar after epinephnn injection pro- 
portionately was not as great aftei depancreatization as befoie, and 
the fall to the previous sugar level was more abrupt than in normal 
dogs This can plainly be seen by a comparison of the two curves 
We also see the rise in blood sugar of the dog when depancreatized 
was much slower after injection than m a normal dog 

In Dog B, where a very small portion of the pancreas had been 
left in the animal, the use m blood sugar after injection was quite 
similar to that of a normal dog 

In Dog C the injection of epinephnn after operation had practically 
no effect on the blood sugar There was not any rise in the blood 
sugar obseived in this depancreatized dog, as in the normal animal 
One would suppose that if epinephnn inhibits the metabolism of sugar 
in the tissues in normal dogs it would do likewise m depancreatized 
dogs, and thus produce a higher blood sugar, by allowing sugar to 
pass into the circulation unburned But in depancreatized dogs there 
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IS a constant hyperglycemia, showing by our experiments very little or 
no rise by the injection of eplnephrm B} removal of the pancreas, it 
seems quite possible that something has been removed favorable to 
the combustion of sugar m the body, and in depancreatized dogs the 
blood sugar is increased permanently in the way that it is increased 
temporarily after injection of epinephrm in normal dogs The sugar 



Blood sugar in grams per thousand cubic centimeters after injection of 
1 mg of epinephrm 

IS passing into the circulation unburnt, as the influence favorable to 
the combustion of the sugar has been removed If in depancreatized 
dogs, sugar passes into the circulation and is not broken down by the 
tissues, then epinephrm by injection can have no further action in 
inhibiting the metabolism of the sugars and be capable of producing 
much of a rise m blood sugar It would seem that the pancreas has 
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exactly the opposite effect of epmephrm on the nietabohsm of the 
sugars m the tissues, the pancreas augmenting, the epmephrm inhib- 
iting ^ 

Dogs injected with sugar intravenously show some difference befoie 
and after depancreatization m the rapidity of reducing additional sugai 
added to the blood 


TABLE 2 — Five Gm of Glucose in Solution Injectlo Intravenous! \ 



Blood Sugar, Gxn per 1,000 0 c 

. 

Before 

Injection 

Minutes After Injection 

10 

20 

so 

40 

50 

Normal dog 

1 15 

1 35 

1 15 

1 13 

115 


Depancreatized dog 18 

i 

! 





hours after operation 

2 00 i 

i 3 00 

[ 

20 

27 

2 45 

1 

2 35 


In each case, that of the normal and depancreatized dog, the tables 
show the lesult m blood sugar expressed m gm per thousand cc 
after equal amounts of glucose have been injected The dog without 
pancreas had a slower fall m blood sugar than the normal animal In 
other words, the normal dog showed a greater ability to handle the 
added amount of sugai than the dog without the pancieas If the 
pancreas did not play a part m the metabolism of sugai m the body 
we would expect the blood sugars after the injection of glucose to fall 
to their former respective levels with about the same rapidity If the 
glycogenetic function of the pancreas was merely to contiol the output 
of glycogen from the liver, the removal of the pancieas ought not to 
interfere with the handling of an added amount of sugar to the blood 
But Table 2 shows that the fall m blood sugai to the level befoie 
injection is not as rapid as in the depancieatized dog 


SUMMARY 


1 Complete lemoval of the pancreas produced a permanent hypei- 
glycemia, and any part of the pancreas left in the animal after operation 
later manifested itself by a fall in blood sugar 

2 Epmephrm by intravenous injection m noimal dogs increased 
the blood sugar With the pancreas removed, epmephrm produced 


1 It may be possible in life that the pancreas acts as a check on the output 
of epmephrm from the suprarenal glands, and that with the pancreas removed 
there is an excessive production of suprarenal secretion put out into the cir- 
culation. thus inhibiting the metabolism of the sugars and allowing them to 
pass unburnt into the circulation Examination of the suprarenals of one 
person dying with diabetes and two depancreatized dogs showed a very low 
epmephrm content by the Folm colorimetric method for quantitative examina 
tion of epmephrm J Exper Med 19 536, 1914 
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very little, if any, change m the blood sugar Under this condition, as 
a possible explanation, sugar is passing freely into the circulation 
unburnt, and therefore the epmephrm can have very little further effect 
in increasing the blood sugar by inhibiting sugar metabolism 

3 It is reasonable to belieye that the pancreas produces some sub- 
stance which favors the metabolism of the sugars in the tissues, as 
sugar injected intravenously is not handled as readily m the depan- 
creatized animal as in the normal dog 



THE PROGNOSTIC VALUE OF CHOLESTERINEMIA IN 

CHRONIC NEPHRITIS 


FINAL REPORT 

EDWIN HENES, Jr, AB. MD 

Mil WAUKrt 

In a piehminaiy lepoit on this subject,^ I piesented a number of* 
cases to show that a hypeicholesteiinemia is usually to be found m 
cases of chronic nephritis which are progressing favoiably, and that a 
noiinal oi subnormal figure for the serum cholesterol, in cases of 
chronic nephritis, is of distinct prognostic importance and value The 
measuie of cholestennemia in the cases enumerated in my early papei 
accurately toretold the prognosis in individual cases 

The study of the ch'emistiy of the blood has made giant strides 
during the past few years, and we are now enabled to measuie accu- 
lately, especially the nonnitrogenous constituents of the blood — total 
nonprotein nitrogen, urea nitrogen, cieatinm, uiac acid and sugar 
There seems to be little disagreement as to the best quantitative methods 
to employ, and the clinician has a right to accept the quantitative 
determination without a doubt 

Much work along this line has been done, but notably m nephritis 
and diabetes mellitus, conditions m which the caibon dioxid combin- 
ing power of the blood is of exceedingly great value from a piognostic 
standpoint 

While theie is no doubt that the study of the prognosis in chiomc 
nephritis must, of necessity, be associated closely with those chemical 
metabolic products which the kidneys noiinally excrete, and which, m 
the event of functional decompensation, are excreted with increasing 
difficulty, resulting in a corresponding increase of these same sub- 
stances in the circulating blood, there is evidence to show that the 
uremic death of nephritics is due to a severe acidosis The marked 
fall in the carbon dioxid combining power of the blood in uremia is a 
striking proof of this, and it has been my belief for many years that 
the lipoid substances of the blood aie intimately associated in the 
chemistry of acidosis 

With the advent of so-called “blood chemistry,” investigators actu- 
ally plunged into the study of chiomc nephritis with exceedingly valu- 
able lesults I have always insisted, however, that the study of choles- 
terinemia in chronic nephritis was equally as important, if not more 


1 New York State kl T 15 300 (Aug ) 1915 
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so, m an endeavor to prognosticate in any given case The work begun 
m 1914 was, therefore, continued It is my purpose to show how 
intimately associated are the study of the cholestennemia and the study 
of the nonnitrogenous products of the blood in chronic nephritis, and 
at the same time, to add further weight in substantiation of my pre- 
liminary report on the subject 

Reference to the preliminary report will show that the measure of 
cholestennemia in the individual cases presented foretold the prog- 
nosis very accurately in each case It is to be remembered that the 
cholestennemia must be interpreted properly m each case, and allow- 
ances must be made for any coincident clinical conditions that experi- 
ence has taught us tend to increase or decrease the amount of choles- 
terol in the blood The early report showed that a hypercholestennemia 
IS present m all cases of chronic nephntis, and that the measure of 
cholestennemia decreases as the uremic state is approached All cases 
of uremia, and all cases terminating fatally m coma, showed a most 
decided hypocholestermemia 

Since the introduction of blood chemistry, the functional ability of 
the kidneys has been studied m terms of the retention in the blood of 
the total nonprotein nitrogen, urea, creatmm and uric acid, and the 
carbon dioxid combining power of the blood serum Our studies have 
shown that evidence of increasing retention m the blood of the piod- 
ucts just enumerated is of piognostic importance, and rather accurately 
foretells an impending uremic state 

The blood figures generally recognized as being the normal for the 
blood constituents enumerated, are as follows 

Total nonprotein nitrogen, from 25 to 35 mg per hundred c c 

Cholesterol, from 1 50 to 1 80 gm per thousand c c 

Urea nitrogen, from 12 to 18 mg per hundred c c 

Uric acid, from 0 8 to 2 5 mg per hundred cc 

Creatmin, from 08 to 2 mg per hundred c c 

Sugar as glucose, from 008 to 015 per cent 

Any increase in the figures mentioned is to be regarded as evidence 
of retention of these products, but m speaking of cholesterol, it is 
probably not correct to speak of it as being retained, for, in the normal 
individual it is not a product of excretion AVhen figures as high as 
80 mg of nonprotein nitrogen per hundred c c of blood are obtained, 
a very definite evidence of retention of these waste nitrogenous prod- 
ucts is indicated When figures as low as 1 gm of cholesterol per 

thousand of blood are obtained, they are distinctly below normal, 
especially in a condition where a decided increase is to be expected 
It IS just this normal, or subnormal figure for the cholesterol in chronic 
nephntis, which is of such interest and importance 
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REPORT OF CASES 

The following cases will show the prognostic import that can be 
attached to the measure of cholesterinemia in chronic nephritis 

Case 1 — Male, aged 66, no jaundice, no fever, moderate arteriosclerosis, 
blood pressure, 220, Wassermann reaction, negative, urine contained albumin, 
hyaline and granular casts The general condition of the patient was not 
very good at the tune the blood rvas examined Examination of the blood 
showed urea nitrogen, 55 mg , uric acid, 2 7 mg , creatinin, 1 mg, and sugar 
0132 per cent, w'hile the cholesterol was 2 05 mg 

Under the clinical circumstances one would expect a much higher 
cholesterol figuie The absence of a decided hypercholestermemia m 
this case should make me suspect a moderate degree of retention, and 
the figures for the nonnitrogenous products indicate that retention 

In presenting these cases, onl}'^ relevant clinical states, as they 
influence cholesterinemia, are recorded These clinical states are the 
following (1) Fever reduces cholesterinemia , (2) jaundice increases 
cholesterinemia, (3) ai tenosclerosis (active) increases cholesterinemia 

Case 2 — Female, aged 60, temperature, 1008 F, no jaundice, slight arterio- 
sclerosis , urine contained albumin, hyaline and granular casts , no edema , 
eye grounds negative, Wassermann negative At the time the blood w'as 
examined, there were no symptoms suggesting an impending uremic state, but 
the cholesterinemia amounted to only 1 73 mg , a hypocholesterinemia under 
the circumstances On the follownng da}, a sudden delirium set m, the patient 
gradually w'ent into coma and died two days later 

In this case, while there are no additional blood figures, I am rea- 
sonably sure that examination would have shown evidence of a decided 
retention of waste nitrogenous products 

Case 3 — Female, aged 59, was admitted to the hospital with a diagnosis 
of carcinoma of the stomach, although repeated roentgen-ray examinations 
failed to substantiate that diagnosis The temperature was 98 F ,-the Was- 
sermann reaction w^as negative, hemoglobin, 52 per cent , red blood corpuscles. 
2,420,000, leukocjdes, 9,200, polymorphonuclears, 66 per cent , no jaundice, 
urine show'ed evidences of nephritis 

Our attention was drawn to her when she began to vomit and became 
drowsy, although previous to this, the patient manifested no signs of an 
impending uremia The blood figures were as follows Cholesterol, 1 65 mg , 
nonprotein nitrogen, 1 25 mg , urea nitrogen, 100 mg , unc acid, 5 5 mg , 
creatinin, 13 4 mg , sugar, 0 129 per cent , carbon dioxid, 10 volumes per 
hundred c c 

These figures certamlj suggest a threatened uremia The stupor continued, 
coma supervened and the patient died at the end of two days 

Ca.se 4— Male, aged 50, admitted to the hospital with a diagnosis of chronic 
nephritis, no jaundice, temperature, 99 F , Wassermann negative, blood pres- 
sure, 180, moderate arteriosclerosis, urine contained albumin and hyaline and 
granular casts, no edema, general condition good The following figures were 
obtained Phenolphthalem elimination 79 per cent , urea nitrogen, 17 5 mg , 
uric acid, 1 4 mg creatinin, 1 5 mg , blood sugar, 0 09 per cent and choles- 
terol 2 34 mg 
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Having done well, the patient was discharged, but returned to the hospital 
a year later On his second admission, he was restless, noisy, not mentally 
clear, had a motor aphasia, was drowsy and sleepy, but showed no convulsions 
His blood pressure was 170/110, no jaundice, no fever, urine contained albumin 
and hyaline and granular casts 

We were here dealing with an undoubted case of threatened uremia, and 
the blood figures obtained verified the condition They were nonprotein 
nitrogen, 110, urea nitrogen, 58, creatinin, 3 5, uric acid, 5 mg and sugar, 
0 136 per cent , with a carbon dioxid combining power of 42 volumes pei 
hundred c c The cholesterinemia amounted to 1 43 mg , a decidedly low figure, 
under the circumstances 

Two weeks later the general condition of this patient was somewhat 
improved, but at the end of another week, the general condition again became 
worse and the following blood figures were obtained nonprotein nitrogen, 41 
mg , urea nitrogen, 16 mg , uric acid, 1 mg , creatinin, 1 1 mg , sugar, 0 146 
per cent , carbon dioxid, 48 5 volumes per hundred c c These are practicalh 
normal figures, but the cholesterinemia continued low, 2 02 mg Subsequent 
work was not done in this case, but the patient, after some ups and downs 
eventually died in uremic coma 

Case 5 — Female, aged 61, was admitted to the hospital with a mild chronic 
nephritis and arteriosclerosis, no jaundice, no fever, blood pressure, 210, Was- 
sermann, negative , urine, very faint trace of albumin and no casts Eyegrounds 
showed neurochorioretinitis A facial palsy, with a pure motor aphasia, justified 
the diagnosis of hemorrhage from the middle meningeal or middle cerebral 
artery 

The blood figures in this case were as follows Urea nitrogen, 16 mg , 
uric acid, 2 7 mg , creatinin, 1 5 mg sugar, 0 106 per cent , and cholesterol, 
2 93 mg These figures certainly do not suggest a severe chronic nephritis 
Four days later, a sudden coma developed and the patient died Death was 
most likely due to cerebral hemorrhage 

Case 6 — Male, aged 52, a case of chronic nephritis with undoubted uremic 
state, for when the blood was first examined the patient \\ as in coma Quanti- 
tative estimations of the nonprotein nitrogenous constituents of the blood at 
that time gave the following Urea nitrogen, 35 mg , creatinin, 1 3 mg , 
sugar, 0112 per cent, and carbon dioxid combining power, 31 volumes per 
hundred c c , figures that surely do not indicate a very severe retention There 
was no jaundice, blood pressure was 150, no edema and the urine showed 
albumin and hyaline and granular casts The cholesterinemia amounted to 

1 77 mg a decidedly low figure under the circumstances With sodium bicar- 
bonate infusions the patient held his own for a few days, but a second exam- 
ination of the blood failed to show the apparent gravity of the condition The 
figures obtained were as follows Urea nitrogen, 31 , uric acid, 2 3 , creatinin, 

2 5, sugar, 012 per cent , carbon dioxid combining power, 48 volumes Ten 
days later the patient died in coma In this case, the relative hypocholes- 
terinemia was of correct prognostic importance, vhile the measures of the 
nonnitrogcnous constituents were not 

Case 7 — Male, aged 55, no jaundice, no fever, blood pressure, 170, mod- 
erate arteriosclerosis, Wassermann, negative, urine contained heavy trace of 
albumin, with hyaline and granular casts , general anasarca Patient was rest- 
less, noisy and drowsy and a uremic state was certainly impending Blood 
examination showed nonprotein nitrogen, 144, urea nitrogen, 85, creatinin, 
6, uric acid, 10, sugar, 0152 per cent and cholesterol, 185 mg These figures 
bear out the severity of the condition This patient grew steadily worse, 
delirium set in, and in tivo days he died in coma 

Case 8 — ^Male, aged 67 This patient was uremic and in very poor con- 
dition The urine contained albumin, but no casts, and no acetone bodies The 
blood pressure was 185 A pulmonarj' congestion was responsible for a fever. 
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of 101 5 F and a leukocjte count of 16,500 The figures for the blood were 
as follows nonprotein nitrogen, 250 , urea nitrogen, 150 , uric acid, 10 , 
creatinin, 187, sugar, 02 per cent and carbon dioxid combining power 15, 
cholesterol, 065 mg At the end of twenty-four hours, muscular twitchings 
developed, the patient became stuporous, went into coma, and died Figures 
before death (and without fever) were as follows nonprotein nitrogen, 250, 
urea nitrogen, 166, uric acid, 10, creatinin, 18, sugar, 0 24 per cent , carbon 
dioxid combining power 44, and cholesterol 097 mg These figures are typical 
of a uremic coma At no time did this patient eliminate any phenolsulphone- 
phthalein 

Case 9 — Male, aged 50, no fever, no jaundice, no arteriosclerosis, blood 
pressure, 200, Wassermann, negative, urine showed a large amount of albumin 
and hj. aline and granular casts, dyspnea and general evidences of impending 
uremia, although the general condition of the patient was fairly good Rea- 
sonably high figures for the waste products were found in examining the blood 
nonprotem nitrogen, 55 , urea nitrogen, 25 , creatinin, 3 5 , uric acid, 5 , sugar, 
0 2 per cent , phenolsulphonephthalem elimination 38 per cent The high figure 
for the uric acid is certainly suspicious A decided relative hypocholes- 
terinemia, 1 45 mg was found Ten days later, the patient became drowsy and 
stuporous and irrational and had to be tied in bed Blood figures at this 
time, except for the cholesterol, again failed to show the gravity of the 
situation urea nitrogen, 19, uric acid, 3 6, creatinin, 19, sugar, 010 per cent, 
while the cholesterol amounted to 1 mg, a very low figure under the circum- 
stances Two days later the patient went into coma and died 

Case 10 — Male, aged 27 This was a case of nephritis, based on syphilis, 
and despite the condition of the kidneys, was given vigorous antisyphilitic 
treatment This patient did very well while under observation, and at no 
time showed any uremic tendencies This case is reported to show the blood 
figures that are to be expected There was no jaundice, no fever, slight gen- 
eral edema, the urine contained albumin and hyaline and granular casts, no 
headache, no vomiting, eyegrounds normal Chemical examinations resulted 
, as follows Phenolsulphonephthalem elimination, 55, urea nitrogen, IS, 
creatinin, 1 5 , sugar, 0 062 per cent , and cholesterol, 4 17 mg Several months 
later the patient was under treatment in the dispensary, and was doing well 
The cholesterinemia amounted to 349 mg at that time This patient was 
eventually lost sight of, however, continued observation should include a 
periodic examination of the blood cholesterol, and if it should be found to 
be steadily decreasing, the prognosis would be correspondingly worse This 
fact IS demonstrated by the following cases 

Case 11 — Male, aged 35, no fever, no jaundice, no arteriosclerosis, blood 
pressure, 240, urine contained albumin and hyaline and granular casts, intense 
headache, suggesting brain tumor, nausea, vomiting and diminished vision 
(fundi showed albuminuric retinitis), no edema, no rigidity of the neck, 
phenolsulphonephthalem elimination, 40, urea nitrogen, 19, uric acid, 2 6, 
creatinin, 1 5 , carbon dioxid combining pow er, 55 , cholesterol, 3 mg 

Tw'o \veeks later, with little change m his general condition (with roentgen- 
ray examinations of skull and spinal puncture negative) and the blood picture 
remaining the same, the cholesterinemia w'as found to have fallen to 2 42 mg 
At the end of another tw'o weeks, the cholesterinemia had dropped 
to 1 80 mg The general condition of the patient became steadily worse , 
another two weeks found him stuporous and drowsy and passing only from 
300 to 500 cc of urine a day At this time, with the temperature subnormal 
(95 F ) and the picture of the urine unchanged, the cholesterinemia w'as found 
to be 1 10 mg The following daj^, muscular twitchings set in, coma super- 
vened and the patient died 

Necropsy revealed kidneys of a typical chronic interstitial nephritis This 
case shows very well that it is the fall in the cholesterinemia that is of such 
prognostic importance 



416 


ARCHIVES OF INTERNAL MEDICINE 


The final case to be presented is one of exceedingly great interest 
It IS a case in which repeated examinations of the blood had been 
made, a case that had been carefully studied The blood figures show 
well how the measure of cholestennemia can be used in determining 
accurately the prognosis 

Case 12 — Male, aged 23, no fe\er, no jaundice, considerable edeina, blood 
pressure, 194, eyegrounds, normal, mine shows many hyaline and granulai 
casts, and a heavy trace of albumin, Wassermann, negative, no evidence of 
impending uremia The blood, which was turbid and chylous, showed 7 97 mg 
of cholesterol, the highest figure I have ever obtained in a case of nephritis 
At the same time, the blood showed nonprotein nitrogen, 77 0 mg , urea nitrogen, 
24 , uric acid, 2 3 , creatinin, 5 3 , sugar, 0 124 per cent Two weeks later, with 
conditions practically the same, except for some languor, the following figures 
were found Cholesterol, 5 02 mg, nonprotein nitrogen, 106, urea nitrogen, 
55, uric acid, 7, creatinin, 13 6, sugar, 0172 per cent , carbon dioxid combin- 
ing power, 18 volumes per hundred c c , blood indican, -f- and only a trace 
of phenolsulphonephthalein elimination These figures distinctly show that 
retention of waste products is occurring 

Four days later, the patient had three convulsions and was stuporous, the 
blood figures were as follows Cholesterol, 6 40 mg , nonprotein nitrogen, 
111, urea nitrogen, 67, uric acid, 7, creatinin, 141, sugar, 0144 per cent, 
carbon dioxid combining power 14 volumes , indican, -|- + + + The follow- 
ing day, the patient’s general condition was much improved (note the last use in 
the cholestennemia) and lemained so for about ten days, but during the 
interval the following figures were obtained Cholesterol, 4 97 mg (a con- 
siderable fall), nonprotein nitrogen, 112, urea nitrogen, 63, uric acid, 5 5, 
creatinin. 111, sugar, 0 18 per cent , indican, -(- + + +, and no elimination 
of phenolsulphonephthalein 

At this stage of his illness, the patient again became worse, convulsions 
of increasing severity and duration, with dulness and apathy set in, and the 
following figures were obtained Cholesterol, 3 39 mg , nonprotem nitrogen, 
125, urea nitrogen, 59, uric acid, 12 5, creatinin, 116, sugar, 0120 per cent , 
carbon dioxid combining power, 24 volumes, indican, -!- + + + Five days 
later, with convulsions, stu,por and restlessness continuing, the following 
figures were obtained Cholesterol, 3 38 mg, nonprotem nitrogen, 117, urea 
nitrogen, 72, uric acid, 4 2, creatinin, 12 3, sugar, 0153 per cent, carbon 
dioxid combining power, 29 6 volumes (treatment directed to combat the 
acidosis) , indican, -f -f + -f The following day convulsions became very 
frequent, stupor deepened into coma, and the patient died Blood obtained 
before death gave the following figures Cholesterol, 2 49 mg , nonprotem 
nitrogen, 144 , urea nitrogen, 100 , uric acid, 12 5 , creatinin, 13 4 , sugar, 0 20 
per cent , carbon dioxid combining power, 24 volumes , indican, -f- + + + 

Here, then, is a case in which the cholestennemia fell gradually 
from 7 97 to 2 49 mg m the course of six weeks, while the nonprotem 
nitrogen constituents of the blood steadily increased in amount It is 
the fall in the measure of cholestennemia that is the significant feature 
in estimating the prognosis m any given case 

It has long been my belief that the lipoids of the blood play a role 
analogous to an antitoxin, and are intimately associated in immuno- 
logic processes The lipoids seem to act as a protection to the animal 
organism, and aie known to counteract certain poisonous substances 
Recent literature abounds in substantiation of this belief 
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“Cholesterol is no fortuitous component of the organism”- Bai- 
bar}'- ® believes that cholesterol stimulates the production of antibodies 
In his hospital at Nice, where during twenty months he cared for 767 
wounded and 797 sick soldiers, he had a strikingly low mortality 
four deaths among the wounded and nine deaths among the sick He 
attributes the good results obtained to the general use of the following 
mixture Cholesterm, 0 2 gm , camphor, 0 5 gm , strychnin sulphate, 
0 0005 gm , m 5 0 c c of olive oil washed in alcohol 

Urra ^ found -that-cholesterol neutralizes toxins He found that a 
hypercholestermemia is to be found in all severe toxic processes at 
the time the toxemia is being overcome, referring especially to 
nephritis and typhoid fever Several years ago ^ I showed that a 
definite hypocholestermemia exists during the fever period of typhoid, 
a slow return to normal as the fever approaches normal, and a decided 
hypercholestermemia during convalescence 

Manfredi ° has shown that the addition of cholesterol to cultures 
of typhoid bacilli (even in amounts less than are found in the blood 
stream) checked the growth of the organism Other organisms, such 
as the colon bacillus, the streptococcus of erysipelas and puerperal 
fever, the staphylococcus, diphtheria and cholera bacilli, were also 
checked in their growth The hypercholestermemia of pregnancy is 
acknowledged to be a fact, and as the result of the study of more 
than one thousand cases, I believe a relative hypercholestermemia is to 
be found m puerperal fever 

Goormaghtigh ^ has shown that the suprarenal supplies cholesterol 
to the blood stream m infectious diseases, and m grave infections, 
terminating fatally, the reserve of cholesterol was demonstrated to 
be exhausted 

Morato and Villanueva® have shown that the injection of choles- 
terol with typhoid vaccine hastened the production of antibodies and 
agglutinins They cite researches of others who have shown the benefit 
following the administration of cholesterol m those conditions m which 
a hypocholestermemia is found 

Cholesterol has been shown to be antitoxic to the venom of a viper 
and a cobra It has been shown to neutralize the toxin of sausage 

2 Editorial, J A M A 62 620 (Feb 21) 1914 

3 Barbarj <31iolesterin and Camphor to Mobilize and Reinforce the Natural 
Defensn e Powers, Bull de I’Acad de med , Par 76 221 

4 Urra The Defensive Lipoids Semana med 24 506 

5 Hennes Cholesterinemia, Proc New York Pathol Soc 13 No 7 

6 klanfredi Effect of Cholesterol in Culture Medium on Development of 
Germs, Riforma med , Naples 33 849 

7 Goormaghtigh The Functioning of the Suprarenal Capsules in Infec- 
tions, Arch med , Beiges 70 697 

8 Morato and Villanue\a Cholesterol a Factor in Immunity and in the 
Production of Agglutinins, Med Ibera Madrid 9 No 107 
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poisoning and to attenuate tuberculin, and it has been used in the 
treatment of tuberculosis and various anemias 

These references to the literature have been presented in justifica- 
tion of my belief that cholesterol plays some protective role in the 
animal organism The prognostic value of the measure of cholesterm- 
emia in chronic nephritis becomes of greater interest and importance 
because of these facts The researches of the past years seem to 
justify a conclusion I came to eight years ago “Cholestennemia seems 
to be of prognostic importance in some diseases and an indicator of 
their seventy Researches in cholestermemia are still m their infancy 
Much work is necessary before the many problems this lipoid presents 
in Its relation to the organism, both under normal and pathologic con- 
ditions, can be solved We have yet to determine more exactly, above 
all, its origin and destiny, the physiology and pathology of the quantita- 
tive variations m the blood, the significance of these variations and 
the possible role cholestenn can play in therapy ” ° Many of these 
problems have since been solved 

I wish to acknowledge my indebtedness to Mr A Bernhard, m charge of 
the chemical laboratory of the Lenox Hill Hospital, for the chemical examina- 
tions of the blood in the cases reported 

445 Milwaukee Street 



CLINICAL OBSERVATIONS ON UNUSUAL MECHAN- 
ISMS OF THE AURICULAR PACEMAKER 

PAUL D WHITE, MD 

BOSTON 

In the clinical records from the electrocardiographic laboratory of 
the Massachusetts General Hospital are some examples of unusual 
mechanisms of the auricular pacemaker worthy of discussion 

1 AN UNUSUAL TYPE OF AURICULAR PAROXYSMAL TACHYCARDIA 

Simple paroxysmal tachycardia is defined as a tachycardia of sud- 
den onset and sudden offset, with a striking regularity of rate, and 
arising from an abnormal point or ectopic focus m the auricles or 
ventricles Such, indeed, is the usual occurrence Some irritable spot 
in the heart takes away the initiative or impulse formation from the 
pacemaker or sino-auncular node in the right auricle Whipping up 
the heart on its own account, it carries on this dominant rhythm till 
exhausted when once more the normal pacemaker resumes its work 
after a short pause 

Theoretically, an abnormal pacemaker like the ectopic focus is 
beyond nen^ous control and ceases its activity spontaneously Some- 
times, one finds clinically, however, that ner^ ous influences may readily 
induce a paroxysmal tachycardia, and other ner\e stimuli, such as 
pressure on the vagus nerve or eyeball, may stop it The mechanism 
IS not easy to explain in a number of such cases, but the important 
exciting factor is certainly extracardiac 

In paroxysmal tachycardia the electrocardiogram usually confirms 
the idea that the new pacemaker is “ectopic” by presenting a very 
abnormally shaped P or auricular wa-ve Normally, the P wave is 
upright in the electrocardiogram, but in paroxysmal tachycardia of the 
usual auricular type, the P wave is apt to be inverted 

Rarely one finds a case of auricular paroxysmal tachycardia in 
which the ordinary definition fails to hold Such an instance is shown 
m Figures 1 and 2 Short paroxysms of tachycardia occur in which 
there is a markedly rapid, but not immediate, increase m the heart rate 
to the maximum, and a tendency to offset of the same type More- 
over, the shape of the P wave is normal or close to normal The 
explanation of such a paroxysm of tachycardia is that it results from 
unusual nervous stimulation of the normal pacemaker or of a point in 
close proximity to the normal pacemaker m the sino-auricular node 
The measurements of the intervals between the heart beats in the 
case described here normally were about 0 77 second The measure- 



WHITE— 4URICULAR PACEMAKER 


421 


ments between the heart beats at the beginning of the paroxysm in 
Figure 2 are as follows 0 651 second (the beat pieceding the par- 
oxysm), 0 407, 0 425, 0 384, 0 323, 0 316, 0 325, 0 308, 0 327, 0 317, 
0 336, 0 316 The measurements of the intervals at the end of the 
paroxysm m Figure 2 were 0 323, 0 318, 0 310, 0 370, 0 830 (the beat 
after the paroxysm) At the height of the paroxysm, also shown in 
Figure 2, the intervals were 0 316 second, 0 323, 0 310, 0 326 The 
1101 mal rate of the heart was 78 per minute The rate of the tachy- 
cardia at its maximum was about 188 per minute 

CasC 1 — R M , male, aged 21 years, was born in Italy He was a workei 
in a jewelry shop 

Family Htsfoiv — One sister was demented 

Past Hnsfoiy — The patient has had no serious illness in the past He 
never has had rheumatic fever, chorea or tonsillitis He always has been 
nervous 



Fig 1 — Electrocardiogram of R M (Case 1), showing normal rhythm in all 
three leads T wave in Lead 2 is very high Some respiratory arrhythmia is pres- 
ent Lead 1 above. Lead 2 in middle and Lead 3 below Abscissa = 0 2 sec , 
ordinate = 10“* volt 

Piescnt Illness — His present trouble, “palpitation,” began seven years ago 
with a rapid heart beat in short paroxysms ivith choking sensation He feels 
better now and then, and sometimes has no spells for months 

Examinahon — This was entirely negative, except for frequent short parox- 
j'sms of tachycardia The Wassermann reaction was negative Roentgenogram 
of the heart was normal Basal metabolism estimation was normal 

This patient has been under observation for five years, being first 
seen in October, 1914 He has constantly shown the same phenomenon, 
but has remained in good health otherwise , he has not had to stop work 
Unfortunately, the paroxysms were too 'brief for experimentation, 
rarely lasting more than ten seconds each While being examined 
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under particularly exciting conditions, paroxysms occurred frequently, 
his heart at times beating more paroxysmally than normally 

Somewhat comparable is the voluntary acceleration of the rate of 
the pacemaker as seen in published electrocardiograms ^ In the volun- 
tary acceleration cases, however, the increase in late is less rapid 
Carter and Wedd^ have reported a case of paroxysmal' tachycardia 
characterized by unusual control of the fast rhythm The focus of the 
ectopic rhythm was apparently near the pacemaker and could be abol- 
ished at will, but the rate of the paroxysm was quite regular at about 




Fig 2 — Electrocardiograms showing paroxysms of tachycardia of R M 
(Case 1) All are of Lead 2 In the upper record (A) the offset of one parox- 
ysm and the onset of another are shown In the middle record (B) a paroxysm 
appears at its height In the lower record (C) a short complete paroxysm is 
photographed Observe in this lower record particularly the gradual onset and 
gradual offset 

200 ( 196 to 204) and was not under accelerator control In the abrupt 
transition from an abnormal rate to normal, this case differed from 
the one reported here 

Recently, Prof Giovanni Galli,® of Rome, called attention to the 
nomotopic (nomos, custom, topos, place) type of paroxysmal tachy- 

1 Favill, J, and White, P D Heart 6 17S, 1917 

2 Carter, E P , and Wedd, A M Arch Int Med 22 571 (Nov ) 1918 

3 Galh, G Arch d mal du coeur, 12 289, 1919 
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cardia He writes on the manner of termination and onset of the 
attacks in nomotopic paroxysmal tachycardia, and gives the following 
points in favor of the possible diagnosis of sino-auncular paroxysmal 
tachycardia 

1 The sino-auncular node is composed of irritable muscle tissue 
Why should it not be the source, then, occasionally of paroxysmal 
tachycardia ^ 

2 Vagal excitation may influence paroxysmal tachycardia 

3 Atropin may induce paroxysmal tachycardia (Galli mentions a 
case in which the heart rate jumped from 90 to 200 after administer- 
ing atropin) 

4 Emotion may start a paroxysm 

5 The Valsalva experiment may sometimes stop a paroxysm 

6 There was a progressive increase (“crescendo”) and decrease 
(“diminuendo”) in the paroxysm in some of the tracings he obtained 
Thus, there was a “parabolic development” with termination by “lysis ” 

7 Sometimes, at the onset of a “normal sino-auncular tachycardia” 
there may be a brusque change m heart rate 

8 The P wave in the electrocardiogram may appear of normal or 
nearly noimal shape 

9 Experimental stimulation of the extracardiac nerves, for 
example, the right stellate ganglia, may induce a marked tachycardia 

10 Nomotopic paroxysmal tachycardia seems to have a better 
prognosis than the usual paroxysmal tachycardia, as one might e'xpect 

2 VARIATION IN POSITION OF THE PACEMAKER AS SHOWN BY 
THE SHAPE OF THE P WAVE, THE LENGTH OF THE 
PR INTERVAL AND THE HEART RATE 

Lewis, Meakins and White * showed experimentally that the pace- 
maker m the sino-auncular node of a dog’s heart varies its position with 
vagal stimulation, moving to or near the distal or tail end of the node 
Its movement downward toward the ventricle tends to shorten the 
aunculoventncular interval or P-R interval as expressed electrocardio- 
graphically, but since ordinarily vagal stimulation depresses the auriculo- 
ventncular junctional tissues as well as the head of the sino-auncular 
node, the P-R interval may be actually lengthened rather than shortened 

Einthoven “ observed the change in the shape of the P wave with 
prolongation of the P-R interval in vagal stimulation Goddard ® noted 
that the size and shape of the P wave may vary at different times in 
the same curve, and an ini erted P in one record may appear upright in 
a later tracing, and vice versa 

4 Phil Tr Roy Soc London 205 375 (Series B) 1914 

5 Einthoven, W Arch f d ges Phjsiol 122 517 1908 

6 Goddard, C H Arch Int Med 16 633 (Oct) 1915 
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Wilson has discussed the mechanism of the pacemaker within the 
sinus node or within its immediate neighborhood, as well as its migra- 
tion from the sinus to the a~v node, and has published electrocardio- 
grams illustrating the migration resulting from respiratoiy influences 
According to theory, with the migration of the pacemaker from 
the head toward the tail of the sino-auricular node and to the a-v node, 
the P wave becomes flattened and finally inverted, the P-R interval 
becomes shorter, providing there is little or no simultaneous vagal 
effect on the a^v junctional tissue, and the heart rate drops 

Two electrocardiograms obtained at the Massachusetts General Hos- 
pital illustrate such a variation in position of the pacemaker by tendency 
to negativity of the P or auricular deflection and by a shortening of 
the P-R interval, and m one case by the decrease m the heart rate The 
first instance, the type usually seen, Avas the result of vagal pressure in 
a man aged 33 years, Avho Avas seriously ill with chronic nephritis, and 
cardiac enlargement and Aveakness The electrocardiogram. Lead 2, 
IS shoAvn in Figure 3 Here, right vagal pressure Avas applied at first in 



Fig 3 — Electrocardiogram (Lead 2) of E M showing the effect of right 
A'agal pressure on the auricular pacemaker The dislocation of the pacemaker 
toward the A^entricle is indicated bj' the change from normal in the shape of 
the P AvaAe, the shorter P-R mter\al and the slower heart rate The T AvaA'C 
IS markedl> inverted 

the record and then released The P Avave at first flattened, returns to 
a normal upright shape The P-R interval at first measuring 0099 
and 0 098 second, becomes at the end of the record 0146 and 0144 
second The heart rate at first 83, becomes 108 Of interest in this 
case IS the fact that the sino-atiricular node has been definitely depressed 
by the A’^agal stimulation, but the a^v conduction has not been' sloAved 
The second record is that obtained spontaneously from an elderly 
lady (Mrs M ) Avith arteriosclerosis and an arrhythmia consisting of 
Aentncular premature contractions In the course of one minute P 
AAaA^es of different shapes Avere found The electrocardiogram. Lead 2, 
. IS shoAvn in Figure 4 Apparently the pacemaker is moving about rap- 

7 Wilson, F X Arch Int Med 16 86 (Julj) 1915, Am J Dis Child 
10 376 (Noa ) 1915 
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idly m the node, m the first record alternating between a high and low 
position, the P-R intervals alternating as w^ell as the change in shape 
The first low^ P carries with it an interval of 0 124 second , the next P, a 
much higher one, a P-R interval of 0 152 second The following P-R 
intervals continue to alternate 0 124, 0 155, 0 125, 0 155 second The 
interauricular intervals are 0 989, 0 977, 0 988, 0 995 and 1 018 seconds 
Finally, the inverted P waves in the second record (Fig 4) have leiy 
short P-R intervals o'f 0 099, 0 103, 0 101 second It wull be noticed 
that a premature ventriculai beat intenupts the rhythm and is follow^ed 
by a deeply inverted P wave (retrograde) It is probable that the 
inverted P wave arises from the legion at the lowei end of the s-a node, 
at the junction of the auricle wuth the a-v node, oi betw’^een the tw^o, 
as indicated by shape and by P-R interval The interval between the 



Fig 4 — Electrocardiograms (Lead 2) of Mrs M (Case 3), indicating in the 
upper record (A) alternation in the position of the pacemaker as shown by the 
alternating change in shape of the P wave and by the alternating length of 
the P-R interval In the lower record (B) the auricular impulse is arising 
from a point still nearer the ventricle as shown by the inversion of the 
P wave and by the short P-R interval A ventricular premature beat with 
retrograde impulse to the auricles interrupts the rhythm in the lower 
record (B) 

tw^o rhythmic inverted auricular Ava^es in this strip is 0 866 second, 
W’-hich is less than that between the more normal auricular complexes 
in the upper record The explanation of this is not clear, unless, per- 
haps, the premature contraction is disturbing the rhythm 

These records were made from a private patient durmg'the w^ar by 
Miss Mabel Hopkins, and there w^as no opportunity to in\estigate the 
condition further The patient had not had digitalis Of particulai 
interest in this case is the alternation in the site of the pacemaker 

3 SUDDEN HALVING OF THE AURICULAR RATE ("SINO AURICULAR 
HEART BLOCK”) AFTER EXERCISE 

C\SE 2— w, a young man, aged 24 years, a renowned athlete m college 
football two years before, showed a sudden hahing of the pulse rate coming 
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on one minute after a fast run of about one-quarter of a mile Electro- 
cardiograms of this occurrence showed the onset of the so-called sino-auncular 
heart block, the sino-auricular pacemaker changing abruptly from a rate of 882 
per minute to one of 44 8 per minute, rising shortly to 53 6 (Fig 5) The 
rate remains slow The man was healthy 

The smo auricular block m this athlete was undoubtedly due to 
marked vagal action following exercise It is possible that this phe- 
nomenon occurs occasionally in athletes 

The more usual form of smo-auricular block, generally a digitalis 
effect due to the depression of the smo-auricular pacemaker, is shown 
in Figure 6 This is an electrocardiogram of a woman, aged 33 years, 
with heart apparently normal, but with a cough of obscure origin 
She was seen m the outpatient department of the Massachusetts Gen- 
eral Hospital during the war She had not had digitalis 
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Fig 5 — Electrocardiograms showing Leads 1, 2 and 3 of P D W taken 
in order immediately after exercise In the middle record occurs the sudden 
hahing of the auricular rate (sino-auncular heart block) from 88 2 to 448 
per minute 

Levine,® in 1916, reported four cases of sino-auncular block seen 
at the Peter Bent Brigham Hospital Three of these patients had had 
digitalis He collected fourteen cases from the literature, four of which 
are ver}’- doubtful, because m two no graphic records were made, and 
in the two others only radial tracings were taken The arrhythmia due 


8 Lenne, S A Arch Int Med 17 153 (Jan) 1916 
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to smo-auncular block was apparently the result of digitalis in seven 
cases, but in five others there was no statement as to whether or not 
digitalis had been given 

White,® in 1916, reported three cases seen at the Massachusetts 
General Hospital, in which all evidence of auricular action was tem- 
porarily abolished by digitalis, that is, auricular standstill or complete 
sino-auricular block was present In another case, reported by White,^® 
there was evidence of sinus bradycardia due to digitalis, in which 
instance the auricular rate was 41 and the ventricular rate 82 at times 

Thomas Lewis, in his “Clinical Electrocardiography,” published 
two electrocardiograms of sino-auricular block, one from a case of 
mitral stenosis and one from a case of exophthalmic goiter In 1913 
he reported a case of unusual bradycardia in which there was no trace 
of auricular activity in the electrocardiogram or jugular tracing No 
statement as to digitalis administration was made in this case 



Fig 6 — Electrocardiogram (Lead 2) of E L showing sino-auricuIar heart 
block, not resulting from the action of digitalis 

Brown recently described a case of smo-atnal heart block in a 
child, 11 years of age, with acute arthritis Here there had been no 
digitalis administration Atropm abolished the block 

In spite of the rarity of its publication, it is probable that smo- 
auncular block occurs more frequently than we have been led to 
suspect 


9 White, P D Boston AI & S J 175 233 (Aug 17) 1916 

10 White, P D Arch Int Med 18 244 (Aug ) 1916 

11 Lewis, T Quart J Med 6 221, 1913 

12 Brown, N W Arch Int Med 24 458 (Oct ) 1919 

13 'Another case of sino-auricular block has been seen at the Massachusetts 
General Hospital since this article was written This makes the seventh seen at 
this hospital during five years, three with complete and four with partial smo- 
auncular block The patient was a woman, aged 56 jears, with cardiosclerosis 
with slight cardiac failure, she-had not had digitalis 
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SUMMARY 

Three clinical examples of unusual mechanism of the auricular 
pacemaker are reported 

1 Paroxysmal tachycardia arising m or very near the sino- 
auricular node and not showing an absolutely abrupt onset or offset 

2 Migration of the pacemaker in the sino-auricular node, two foci 
alternating action in one case 

3 Sudden halving of the auricular rate (sino-auncular block) 
after exercise 



FETID SPIRILLAR BRONCHITIS AND PULMONARY 

GANGRENE 
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Castellani ^ noted in soldiers of the Italian Army the not infrequent 
occurrence of an affection of the respiiatory tract which he had 
described previously at Ceylon, and of which he had recognized the 
specific agent This affection he had termed bronchospirochetosis It 
appears under two aspects A form of short duration, lasting from 
one to three weeks, and running its course after the fashion of an 
acute bronchitis, with fairly high temperature during the early days, 
a form with a prolonged course simulating a chronic bronchopneu- 
monia of long duration, several years in most cases, but sometimes 
taking on a malignant character, with irregular fever, hemoptysis, 
progressive enfeeblement and emaciation, and lethal termination 

The specific parasite is a spirillum, Sptrochaeta bronchtahs, very 
polymorphous, from 4 to 30 microns long, 0 2 to 0 6 micron in thick- 
ness, presenting from two to eight undulations and sometimes more, 
the extremities of variable shape, often pointed and without flagella 

H Violle^ published an article on an affection of the respiratory 
tract characterized by bloody expectoration, which he termed hemor- 
rhagic bronchitis The secretion of the bronchial mucosa is abundant, 
nearly a quarter of a liter in twenty-four hours It is tenacious, 
stringy, viscous, homogeneous, of a bright rosy color, resembling goose- 
berry juice It IS sufficient, says Violle, to have seen it once to escape 
the danger of confounding it with tuberculous hemoptysis On exam- 
ination of the chest, the results vary sometimes nothing, sometimes a 
slight enfeeblement of the vesicular murmur, sometimes signs of a 
simple bronchitis with or without areas of pulmonary congestion, 
sometimes, finally, very clear cut signs of chronic bronchitis and 
emphysema The general condition is good, often, indeed, very good, 
there is no fever, the expectoration contains spirochaetes in great 
abundance The organisms show an extraordinary polymorphism, and 
this variation in their shape and dimensions is one of their special 
characteristics 

1 Castellani, A Note sur la "Broncho-spirochaetose” et les bronchites 
inycosiques, affections simulant quelquefois la tuberculose pulmonaire Presse 
med 25 377, 1917 

2 Violle, H La spirochaetose bronchopiilmonaire (bronchite sanglante) 
Rev gen de elm et de therap 32 144, 1918 
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This aftection, for which the author suggests the name of hcmoi- 
ihagic b] onchifis with spirochetes, justifies, generally a favorable prog- 
nosis After ten or fifteen days the expectoration ceases to be muco- 
hemorrhagic, and complete recovery follows fairly rapidly Neverthe- 
less, relapses, as m the acute form described by Castellani, are sur- 
prisingly frequent, and the disease may take on a chronic course with 
varying periods of exacerbation 

During the war I described, in collaboration with Dr P Spehl,^ an 
acute affection of the respiratorj'^ tract, the clinical aspect of which 
is that of a bronchitis or a bronchopneumonia with the special charac- 
tenstic that the breath of the patient and his expectoration becomes 
fetid rather early in the course of the development of the disease, 
the etiologic agent appears to be a spirillum This malady, so far as 
we know, has not been observed elsewhere It would seem to us to 
be distinguished from the bronchospirochetosis of Castellani and from 
the bronchitis due to the spirillum described in France by H Violle 

In my opinion the disease observed by us is not of tropical origin 
It IS probable that it must be met with m times of peace among the 
civil population of countries of temperate climate It has seemed to 
me that it might be interesting to bring our obsen^ations to the atten- 
tion of the English speaking medical public 

C\SE 1 — Dec A, aged 25, infantryman, fell ill, April 23, 1917, 

and experienced suddenly, a sensation of general malaise, with headache, pains 
in the extremities and loins Cough soon followed, with frothy, whitish expec- 
toration, and a few days later larjmgitis On entry into the hospital, April 29, 
the patient complained of headache and of general pains Temperature from 
38 6 to 394 C , pulse accelerated, from 104 to 112, respiration, quiet, cough, 
paroxysmal, fatiguing and accompanied by mucopurulent expectoration, whitish 
gray, of a lery fetid odor There was laryngitis, the voice was hoarse, the 
naso-pharymx was intact On examination of the thorax the resonance was 
normal Auscultation showed a few sibilant rales, especially at the right base 
The general condition was satisfactory 

In the succeeding days the bronchitis increased, the cough became more fre- 
quent as uell as the expectoration, the fetor of which increased May 4, 
the percussion note was diminished at the right base, and auscultation revealed, 
chiefly at this point, numerous subcrepitant rales The temperature fell below 
37 C , May 9 (seventeenth day) and did not rise again until May 20 (twenty- 
eighth day) when, -without apparent cause, there was a slight congestive attack 
at the right base , at the end of two day^s the temperature fell again to normal 
The local trouble was slow m improving The rales diminished after May 11 
but did not disappear until the middle of June Laryngitis persisted until 
the end of the same month 

After Alay 5, microscopic examination of the sputum revealed for about 
three weeks the presence of numerous spirilla Their number together with the 
fetor of the expectoration diminished after hlay 20 They disappeared May 25, 
but tlie breath of the patient remained fetid until May 29 


3 Xolf, P , and Spehl, P La bronchite fetide a spinlles. Arch med Beiges 
71 1, 1918, 
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Treatment consisted of ^^arm, moist packs for the chest, with application of 
tincture of lodin in enemas of creosote and m intravenous injections of no\arsan, 
repeated from May 5 to the end of the month, every five da>s, in a dose 
of 45 eg The amelioration of the general condition became apparent after the 
first mjecton and much more so after the second The local lesions were not 
influenced so rapidly Later, heliotherapy appeared to accelerate convalescence 

For the larjmgitis insufflations of sodium benzoate were relatively ineffi- 
cacious 

Case 2 — Theun , aged 27, infantryman, suffering from a simple cold, com- 
plained on June 29, 1917, of general malaise, thoracic pain, headache and a little 
difficulty m swallowing He coughed, expectorated moderately and showed 
a little fever 

Entering the hospital July 6, on the first clinicak examination there was 
noted a rather elevated temperature (from 38 to 39 5 C), a pulse of 100 and 
slight increase in the size of the spleen which reached the costal border on 
deep inspiration 

The arterial pressure was normal (155/80, Pachon) Examination of the 
thorax was negative Chemical examination of the urine, including Diazo 
reaction and cultures, blood culture, Widal reaction, search for malarial para- 
sites, w'ere negative There was a slight leukopenia (from 4,400 to 4,800 
leukocytes) , the blood formula (lymphocytes 19, mononuclears, medium 5, 
large 1, intermediate 1, polymorphonuclear neutrophils 13, eosinophils 1) was 
normal 

Up to July 17 (nineteenth day) the fever oscillated continually between 
38 and 39 5 C The patient raised, without particular auscultatory signs, a 
moderate fetid bronchial expectoration which did not contain tubercle bacilli 
but spirilla m considerable numbers From this time on a senes of injections 
of novarsan (from 30 to 60 eg ) w'as begun, at intervals of four days, and as 
adjmant medication, there w'as prescribed a daily enema of creosote After 
SIX injections, representing only about 195 gm of novarsan, the spirilla dis- 
appeared from the expectoration 

However, this treatment remained without action on the general condition 
of the patient, which became aggravated, or on the temperature, which con- 
tinued to oscillate betw een 38 5 and 39 8 C 

August 20 (fifty-second day) a laryngitis appeared The fetid expectoration 
increased, medium moist rales appeared at both bases The pulse increased to 
125, the respiration to 30 Intravenous injections of peptone, digitalm and 
strychnin were added to the previous medication Despite all, the condition of 
the patient became worse, and death followed September 9 (seventy-third day) 

At the necrops 3 " there w'as edema of both lungs, but no tubercles At the 
hilum of the right lung were four enlarged glands In the pulmonary tissue 
were some miliarj" abscesses w'hich do not contain spirilla, tubercle bacilli or 
giant cells The spleen w'as enlarged The heart, liver, kidneys, intestines 
were normal 

Case 3 — Dav J, aged 26, detached for service at a hospital, fell ill sud- 
denly August 20 On this date he showed a general malaise, depression, 
chills, pain in the chest, dyspnea, cough and expectoration 

On entrance (August 23) the patient was much prostrated, the body w^as 
covered with cold sw'eat, the face and extremities were cyanotic The tem- 
perature was 39 5 C , the pulse and respiration were accelerated , the cough 
was frequent, expectoration was scanty, mucopurulent, colorless, odorless and 
aerated The tongue v\as moist and white, there was complete anorexia The 
urine v\as deeplj colored and showed traces of glucose and albumin 

The upper respiratory tract was normal, percussion of the lungs showed 
nothing suspicious On auscultation, disseminated sibilant rales could be 
heard Hot packs were applied to the chest and this was painted with tinc- 
ture of lodin During the following dajs, the fever remained elevated, pros- 
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tration and dyspnea persisted, the sibilant rales diminished greatly, hut the 
expectoration increased, became greenish in color and of a foul odor Micro- 
scopic examination made August 26 revealed spirilla in moderate numbers, 
but no tubercle bacilli A series of intravenous injections of novarsan was 
begun (60 eg on August 26 and 29 and on September 5 and 12) and peptone 
was given intravenously as an adjuvant (1 gm on August 31 and September 
2, 4, 6, 8, 10 12 and 17) 

The spirilla disappeared after September 3, but the expectoration remained 
fetid up to the middle of the month Gradually, the pulmonary symptoms 
receded, the general condition improved, and recovery was complete at the 
beginning of October 

Case 4 — Pier M, aged 24, infantryman, was taken ill Jan 13, 

1918, with general fatigue, left pleurodynia, severe chill, fever and abundant 
sweating This was followed by cough and rusty expectoration He entered 
the hospital, January 16, with symptoms of congestion at the base of the left 
lung The temperature was 39 5 C , the pulse and respiration were accelerated 
Moist i\arm packs for the chest were prescribed 



Figure 3 

Two da 3 S afterward, moist rales were heard at both bases, in the right 
scapular region there -were crepitant rales and slight dulness 

The breath became fetid The expectoration was mucopurulent and of a 
greenish color A daily enema of creosote, 2 gm to 100 c c , and an intra- 
\enous injection of 30 eg of novarsan were prescribed Examination of the 
blood revealed 15,500 leukocytes per c mm , and a leukocyte formula of 9 
lymphocytes, 5 medium sized mononuclears, 5 large, 2 intermediate forms, and 
79 poljmorphonuclear neutrophils The sputum shoived occasional spirilla m 
addition to an abundant and varied bacterial flora Injections of novarsan 
(45 to 60 eg, repeated every five da 3 's) and intravenous injections of peptone 
were continued to Alarch 18 The temperature fell irregular^ to Febru- 
ar 3 ' 6, rising several da\s afterward and remaining between 37 and 38 C 
The auscultatorj’’ signs (moist rales, fugitne areas of blow'ing breathing cor- 
responding to areas of bronchopneumonia, wuth areas of dulness or slight loss 
of resonance) continued up to February 7 After this date there remained onlj" 
signs of bronchitis The general condition improved progressivel 3 ', keeping 
pace with^the condition in the chest A blood examination made February 11 
showed 85 per cent hemoglobin (Gowers), 5,460,000 red blood cells and 7,800 
leukoc 3 tes Under the influence of pulmonar 3 radiotherapy and heliotherap 3 , 
the patient seemed to be entering on con\ alescence 
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The expectoration remained fetid to the middle of February (sixth injection 
of noiarsan), the spirilla increased to the same time, and then diminished, 
disappearing with the fetor of the breath about March 8 (tenth injection of 
novarsan) 

Case 5 — Deh F, aged 27 years, infantryman, subject to winter 

bronchitis, was seized suddenly Feb 5, 1918, with several chills, some asso- 
ciated with actual chattering of the teeth There was headache, nose bleed, 
nausea and vomiting on five occasions February 6 and 7 he had colic and 
three or four liquid stools, slight cough, no expectoration 

The patient entered the hospital February 13 Temperature, 38 to 39 5 C , 
pulse, 100, respiration, 30, nothing abnormal on physical examination Febru- 
arj’’ 14 blood cultures were sterile, no agglutination with dysentery bacillus, 
typhoid or paratyphoid, but the spleen was palpable February IS cultures 
of the urine and Diazo reaction were negative On that day, however, the 
patient began to raise reddish and then rusty expectoration, and examination 
of the chest revealed dulness at the right base with rough respiration A few 
moist rales were heard in this area February 17 The expectoration remained 
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Figure 5 


moderate, inodorous, at times mucopurulent, but always contained more or 
less blood The temperature remained elevated New agglutinative tests were 
made, likewise fresh cultures from the blood and urine, these threw no light 
on the diagnosis Because of the intoxicated and prostrated condition of the 
patient, repeated intravenous injections of peptone were carried out every 
other day 

February 27, while the condition was still unim,proved, the patient began to 
expectorate a brownish sputum with a pronounced odor of lactic acid Micro- 
scopicall}, the presence of numerous spirilla (Figs 7 and 8) was revealed 

February 28, along with peptone and wet packs for the chest, a series of 

intravenous injections of novarsan (30, 45, then 60 eg) was carried out every 

five da}s In addition, injections of creosote were given, as well as helio- 

therapy and cod liver oil During March the pulmonary symptoms continued 
to remain very slight, the expectoration remained red or brown and still 
contained numerous spirilla March 16 After March 23 (fifth injection of 
novarsan) it became paler, more like an ordinary mucous expectoration and 
c^tamed fewer pathogenic bacteria The general condition improved slightly 
The temperature did not become definitely normal until after March 12, that 
is until after nine injections of neoarsphenamin The patient received a tenth 
mjection March 18 and left the hospital entirely convalescent June 21, 1918 
Frequent search for the tubercle bacilli m the expectoration was always negative 
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Case 6 — Van P H, aged 27, artilleryman, was seized March 12, 1918, with 
a stitch in tlie left side and dyspnea There was fever, cough, abundant 
expectoration and epistaxis March 16 the expectoration became fetid March 
20 the patient entered the hospital Examination of the chest at this time 
showed slight dulness at the right base, sonorous and sibilant rales dis- 
seminated throughout the two lungs, and medium moist rales in the outer part 
of the left chest Physical examination was otherwise negative The tem- 
perature ranged from 37 5 to 39 C The pulse was accelerated (96) , respira- 
tion was a little rapid (24) The sputum, examined March 21, was rather 
purulent, greenish, moderately fetid and contained neither tubercle bacilli nor 
spirilla Wet packs were applied to the chest and creosote was administered 
daily by enema 

March 22 a fresh examination of sputum showed some spirilla Arsenical 
treatment was begun Thereafter the spirilla became more abundant and the 
fetor of the expectoration increased sharply At the end of March the disease 
was still at its height and the general condition remained serious March 30 
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Figure 6 


the expectoration contained no more spirilla March 31, 60 eg of novarseno- 
benzol was given intravenously After this last injection the general condi- 
tion of the patient improved, the fever disappeared For twenty-four hours 
the patient expectorated more freely The odor had nearly disappeared from 
the sputum, there were no spirilla The soldier left the hospital entirely well 
April 22, 1918 

In examining the sputum collected in sterile petn dishes after care- 
ful rinsing of the mouth, we found in the first four cases and in the 
sixth, a spirillum, which, although rather variable in its size, presented 
morphologically an appearance which permitted of its recognition with 
a little experience It stained very badly with the basic coloring matters 
ordinarily used in bacteriology In order to bring it out, one must 
have recourse to some mordant We used the method of Fontana, 
which gives excellent impregnations when the preparation is spread in 
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a sufficiently thin layer, or a procedure described by one of us,^ which 
consists of the use of formol and chromic acid as mordants, staining 
by formalized violet and reinforcing by Lugol’s solution After this 
treatment the spirilla are of a brownish-black color (Fontana) or of a 
bluish-black (Spehl) on the colorless background of the preparation 
Their dimensions are variable Their length varies from 8 to 12 
microns, their thickness is about that of Vincent’s spirillum, it is a 
little greater in the preparations stained by Fontana’s method The 
extremities are tapering and appear not to carry flagella, at least we 
have never seen them in our preparations The convolutions are short, 
sometimes regular, generally irregular, some being much less well 
marked than their neighbors, which results, perhaps, from the circum- 



Fig 7 — 1 Spirilla of fetid bronchitis found in the expectoration of all our 
patients (Dra^\lng made with camera lucida, X 750 ) 2 Spirilla of Vincent 

(Drawing made with camera lucida, X 750 ) 


stance that the parasite generally takes on a sinuous form, each one of 
sinuosities including a greater or less number of convolutions The 
usual number of convolutions is from seven to eight for the adult 
forms Exceptionally, we have counted as many as ten and eleven 
What seems to us especially characteristic from the point of view of 
form IS the coincidence of elbows or undulations of large size and of 
short, crowded convolutions, which gives to the spirillum a particularly 
tortuous character (Fig 7) The accompanying figure drawn with the 
camera lucida, reproduced fairly faithfully the appearance of the 
preparation 

4 Spehl, P Precede de coloration des spinlles par le violet-formole, 
Compt rend Soc de biol 81 305, 1918 
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In examining these two figures, one may see morphologic differ- 
ences which distinguish clearly the spirillum of fetid bronchitis from 
the spirillum of Vincent 

So far as we know few spirochetes take this aspect With some 
expenence it is easy to differentiate the micro-organism which we have 
found in our cases of bronchitis from the two known spirilla of the 
buccal cavity, such as the spirillum of Vincent {Spinllnm 1 efnngens) 
and Spii ocliaeta d-entimn') We do not, then, wholly share the opinion 
of Castellani and Violle, each of whom insists on the extreme poly- 
morphism of the spirochetes which they have described Indeed, we 
have succeeded in finding, alongside of these forms, which we regard 
as characteristic, spirillum of aberrant form, sometimes in great 
numbers 

Our first observation was made prior to these two publications 
It dates back to April, 1917 Between April, 1917, and July, 1918, we 
observed ten other cases among about 5,000 patients who passed 
through our first line hospital during this period In our eleven 
patients there was also bronchitis, or more frequently bronchopneu- 
monia, as in those of Castellani and Violle, but the clinical appearance 
and evolution differed at several points from the affection described 
by those authors 

In nine of our eleven cases the disease was primary It seized the 
men m good health, and generally had a sudden onset, characterized 
by one or more chilly sensations or shaking chills The patient suffers 
from general malaise, headache, pains m the extremities and loins 
The spleen was palpable m two instances The cough generally pro- 
duced pain in the chest without an actual stitch In one case there 
was epistaxis, scanty but repeated In several cases the pulmonary 
symptoms were very slight m the earlier days of the disease, which 
appeared rather as a general affection than as a malady of the respira- 
tory tiact Even after the symptoms related to the respiratory tract 
have developed further and taken a prominent place in the picture, 
there may, at the outset, be nothing characteristic, the local signs being 
those of an ordinary bronchitis and the expectoration mucopurulent, 
frothy, without special morphologic or bactenologic characteristics 
But there is one characteristic common to all the cases , namely, that 
the disease never shows the least spontaneous tendency to recovery 

The fever, generally irregular, is at the outset elevated, or tends 
progressively to rise, the general condition becomes aggravated, the 
patient loses strength, is feeble, out of breath on the least effort, while 
the face and extremities assume a more or less marked cyanosis In 
the chest the signs of bronchitis, indefinite at first, become clearer and 
more extensive, m the posterior parts of the lungs zones of dulness 
or diminished resonance de^ elop localized commoni}'- at the bases , the 
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expectoration becomes more and more abundant , it is slightly aerated, 
purulent rather than mucopurulent, of a greenish yellow color, and — 
an important sign — it becomes fetid while the breath takes on a repul- 
sive odor This fetor of the breath and expectoration has been mani- 
fested m all of our patients In the grave cases it existed at the out- 
set and had a cadaveric character With the spasms of cough it spread 
to some distance, and distressed the patient’s companions in the ward 
at a distance of several meters Sometimes the air of the whole room 
was poisoned 

In the milder cases the fetor was not evident in the early days of 
the disease, or was too slight to attract attention It was only after 
several days that it was perceived by the hospital personnel, or some- 
times by the patient himself But, as has been said, it always appeared 
at some period in the evolution of the malady, generally precociously 
This characteristic is all the more notable in that it is not pointed out 
b} Castellani or Violle 



Fig 8 — Spirilla in sputum in Case 5 (Camera lucicla drawing, X 750 ) 

The expectoration of our patients is distinguished further from 
the bronchial secretions of patients observed by Violle It was hemor- 
rhagic in only one case In this case it had the characters of glary, 
viscous masses with a homogeneous rose violet color Later, it took 
on a brownish hue In another patient, the expectoration was rusty in 
the first days of the disease, but became rapidly mucopurulent Apart 
from these two cases the bronchial secretion of our patients always 
had the color and consistency described in the brief resume of the 
history of six persons attacked by the primary form of the disease 
Thus, in Case 5, which is, by the way, the only instance of expectora- 
tion regularly bloody in the early days of the disease, we found, for 
the greater part, forms a little different from those which have been 
described, generally shorter, less tortuous, a little thicker, and a little 
less tapering at the extremities (Fig 8) 
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Alongside of these there were, howe\er, fewer spirilla having the 
characteristics of those which we found in all our other patients It 
IS difficult to express a definite opinion as to the question whether the 
micro-organism represented m Figuie 8 is different from that shown 
m Figure 7(1) 

In one of the patients, where the affection was secondaiy (Case 7 ) 
and in whose expectoration the spirilla were particularly abundant, 
there were, alongside of the ordinary forms, a certain number of 
spirilla which, from their appearance, recall the spirillum of Vincent 
In this case, which was one of particular gravity, the expectoiation 
was extremely abundant and of a repulsive fetor Possibly, the bron- 
chial lumina had been invaded secondarily by the micro-oiganisms of 
the mouth, which in this very sick man, may have found m the bron- 
chial secietions an excellent cultuie medium 

An interesting point is the gi eater or less abundance of spiiilla in 
the expectoration In certain patients they are veiy abundant They 
may be found, so to speak, in every field of the microscope, sometimes 
several m each field, even m very thinly spread preparations But it is 
not always thus In othei instances the micro-organisms are much 
larer One must sometimes examine a large number of fields before 
finding one In a general way, one may say that the gravity of the 
affection is in direct proportion to the number of the spjrilla In the 
fatal cases they are as abundant in the bronchial mucus as is the 
spirillum of Vincent in the detritus which covers the ulceration of 
the disease tonsil 

It has seemed to us that the more numerous they weie, the more 
fetid was the breath and the expectoration, and it was because in our 
first patient this fetor was very striking and the number of spirilla 
great, that we thought immediately of seeking a relation between the 
one and the other, and recognized the possibility of the pathogenic 
role of the spirillum On the other hand, when, under the influence 
of treatment, the disease tends toward recovery, improvement goes 
hand in hand with the diminution of the spirilla in the secretion, a 
diminution which becomes evident even when the general characters 
of the expectoration, excepting the odor, have as yet shown no change 

In summary we found in our six patients with a primary fetid bron- 
chitis a spirillum which seems to us to be the same m all cases, except 
for the circumstance that m Case 5 it was associated with a second 
form 

From a clinical point of view, the affection is sufficiently charac- 
teustic to permit its recognition after several days of observation at 
least That which distinguishes it, as has been said above, is the high 
remittent fever, which has no tendency to fall spontaneously, despite a 
severe regime (rest in bed liquid food, wet packs to the thorax, expec- 
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torants or balsamics) progressive loss of strength, dyspnea on the 
slightest effort, more or less well marked cyanosis and the peculiar 
character of the breath and expectoration All of our last cases have 
been recognized clinically before confirmation from the laboratory As 
a matter of fact, we hold that the only possible confirmation is the 
habitual presence in the sputum of a spirillum with the staining char- 
acteristics and the form described 

When one examines ' carefully the bronchial expectoration of 
patients affected with acute or chronic inflammation of the bronchi or 
of the pulmonary tissue, one may discover occasional spirilla, but this 
IS rather an accidental event The micro-organisms are rare, and have 
not, from the standpoint of their shape, the characters that we have 
found constantly in all of our cases The question which arises is as 
to what IS the etiology of this affection and how it spreads Is it a 
malady analogous to whooping cough or measles, whose parasite exists 
only in those who are affected with or in the period of incubation of 
the disease, or must it be placed alongside of pneumonia whose micro- 
organism IS to be found in the upper respiratory tract of healthy sub- 
jects Our two cases of secondary fetid bronchitis speak in favor of 
the second alternative The first case was that of a man, ^yho, having 
a gastric ulcer, was obliged to undergo a gastro-enterostomy because 
of persistent hemorrhage at a time when his resistance was low 
Immediately after the operation, there was fever, attributable to a 
pneumonia at both bases, which from the outset was characterized by 
a fetid breath and mucopurulent expectoration rich in spirilla This 
man had been in the hospital for four weeks, in a ward where no 
similar case had been treated previously The affection pursued its 
course to a fatal issue in twelve days 

The second case was that of a soldier who had been gravely intoxi- 
cated by dichlorethylsulphid The bronchopneumonia produced by the 
poison took on an infectious character on the fourth day Little by 
little, the expectoration became fetid This phenomenon led to a 
microscopic examination of the sputum w^hich revealed the presence of 
ler}’^ numerous spirilla, but, curiousl)'- enough, the spirilla particularly 
abundant in these two extremely grave and fatal cases, after a short 
course, w^ere the same in their staining affinities, their dimensions and 
their form as those found m the cases of primar}”^ bronchitis We are, 
therefore, led to conclude that the upper respiratory tract of these two 
men normal up to that time, harbored the specific spirillum, and as 
there is little reason to believe that they rvere m a period of incubation, 
since the first had been cared for at the hospital for more than four 
weeks, w'e are rather led to conclude that the spirillum of fetid bron- 
chitis may exist as a saprophyte m wffiolly healthy individuals In like 
manner, w e may add, that although our patients suffering from the 
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primary affection were never isolated, and although they lived for con- 
siderable periods in the common wards, we have never observed an 
instance of contagion The affection is, however, relatively rare, since 
we have had only eight cases, “ as against eighty-three of pneumonia 
and bronchopneumonia treated during the same period 

The history follows of two cases of secondary bronchitis 

Case 7 — J OR E, aged 29, in the auxiliary service, for a year has 

suffered from intermittent gastric disturbance September 8, 1917, he was seized 
by vomiting, which continued during the following days and was preceded by 
pyrosis Hematemesis occurred on the evening of September 20 and necessi- 
tated his entering the hospital on the twenty-first 

On examination, a diagnosis of gastric ulcer was made, and the patient 
was treated by suitable diet, calcium chlond and several intramuscular injec- 
tions of peptone His general condition being sufficiently improved, he under- 
went an operation for gastro-enterostomy (ether narcosis) October 25 With 
the exception of several attacks of vomiting the results of the operation 
were good 



Figure 9 


October 27 the patient began to expectorate a little mucus The cough 
brought on vomiting October 28 and 29 the vomiting ceased, but expectora- 
tion became mucopurulent and increased in quantity October 30 the expec- 
toration began to give forth a slightly disagreeable odor, but became clearly 
fetid on the following’ day, and was of a frankly purulent character A micro- 
scopic examination made October 31 revealed numerous spirilla The patient 
was immediately transferred to a medical ward and received an intravenous 
injection of 45 eg of novarseflobenzol Examination of the thorax revealed 
dulness at the bases of the lungs, especially the left In places there was 
pectoriloquy and blowing breathing Dyspnea was marked and prostration 
striking Warm moist packs were applied to the chest November 1 the fetor 
increased and this increase continued until his death The pulmonary symp- 
toms persisted Digitalin was administered November 3 a few fine rales 
appeared in the middle of the left lung m addition to the rales of bronchitis 
and another dose of novarsan was administered November 4 and 5 the een- 
eral conditio n improved and intravenous injections of peptone were given 


5 In April and May, 1918 
and to bring the patients to 


, we had occasion to care for three new cases 
recovery by intravenous injections of novarsan 
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November 6, the symptoms became aggravated The spirilla were alwajs very 
abundant, the fetor of the breath was evident in the ward, dyspnea was 
intense, the patient was given oxygen through a nasal tube, and camphorated 
oil, strychnin and tartar emetic November 7 there was bilious vomiting The 
patient died at 5 p m 

At necropsy the lungs showed a generalized edema, patchy bronchopneu- 
monia and miliary abscesses, m the pus of ivhich the pathogenic spinlla 
zveie found 

Case 8 — Baud R, aged 25, infantryman, intoxicated by dichlor- 

ethylsulphid during the night of November 12 to 13, entered the hospital on 
the thirteenth suffering from burns of the face, eyes, scrotum and a general 
bronchitis There was a little cyanosis of the extremities, but respiration was 
quiet and the pulse was not accelerated Despite hot, wet packs to the thorax, 
the application of tincture of lodm and Dover’s powder, the patient’s condi- 
tion became worse, the fever and pulse increased 

November 15 the respiration was blowing at both bases and accompanied by 
moist rales and a diminished resonance Small doses of digitalin and ipecac 
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Figure 10 

were guen The local signs, the exhaustion and cyanosis persisted, the expec- 
toration became more abundant and took on a purulent character (November 
20) lodotannic syrup and creosote enemas were added to the treatment 
November 21, the patient became definitely dyspneic He was given oxygen 
continuously, strychnin and camphorated oil November 22 the expectoration 
became fetid Immediately, the patient received a potion of tartar emetic and 
an intravenous injection of 60 eg of novarsenobenzol Microscopic examina- 
tion of the sputum showed many spirilla November 23, his condition was 
desperate, there was pronounced fetor and numerous moist rales were audible 
in the chest Death ensued in the morning 

At necropsj’^ the lungs were generally edematous and congested and there 
nere areas of disseminated bronchopneumonia The glands of the hilum were 
enlarged 

If there were still doubt concerning the pathogenic role of the 
spirillum, it would be removed by the curative influence of the organic 
preparations of an arsenic base This action is indeed not always 
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shown at the outset Treatment must be long to control the disease 
definitely If a senes of intravenous injections of novarsenobenzol is 
piade, m doses of from 45 to 60 eg, five or six days apart, a change 
m the clinical picture, rather slow m its development, may usually be 
made out The condition, which, up to that time, has grown pro- 
gressively worse, shows little by little, signs of an improvement, which, 
interestingly, affect first the elements characteristic of the affection 
On the one hand, the fetor of the breath and the expectoration becomes 
less On the other hand, there is a diminution m number, or even 
disappearance of the spirilla under the microscope During this early 
period of arsenical treatment, the fever may remain tolerably high, and 
the local signs in the pulmonary apparatus are little influenced It may 
even be that with the continuation of the arsenic treatment, the dis- 
appearance of the spirilla is brought about without amelioration of the 
general or local condition This occurred in Case 2, which ended 
fatally We have observed that the arsenical treatment acts better and 
more quickly the earlier it is begun 

This circumstance may be explained when one considers that the 
spirillum IS far from being the only micro-organism to be found in the 
sputum which contains a particularly varied and abundant bacterial 
flora The micro-organisms of which this consists probably add their 
injurious action to that of the spirillum At the necropsy done m Case 2, 
both lungs were found dotted with miliary abscesses, of which the pus 
did not contain spirilla (tubercle bacilli were also absent), although 
the expectoration of the patient contained many before the beginning 
of arsenical treatment It would appear that the lesions produced by 
the spirilla are severe, and that, invaded by the micro-organisms of 
secondary infection, they present little tendency to heal Tins, perhaps, 
IS the most distinctive character of the affection described in this article 
Even after our patients had been rendered apyretic, and after their 
expectoration from being purulent had become mucous and free 
from spirilla, they continued to cough, and auscultation revealed signs 
of an attenuated but persistent bronchitis We have had to have 
recourse to the combined action of balsamics, exposure to sun, and 
respiiatory gjminastics definitely to overcome these sequels which 
always show an extreme obstinacy 

In certain cases we have added to intiavenous injections of nov- 
ai senobenzol, peptone, administered intravenously eveiy two days It 
has seemed to us that this combination was more effective than treat- 
ment by arsenic alone (see especially Case 3) 

We have termed the malady described in this article “fetid spirillar 
bronchitis,’ although, in reality, certain forms ha^e from the outset 
taken on flie clinical characters of a bionchopneumoma, and although 
at necropsy in the fatal cases there ha^e been found either areas of 
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bronchopneumonia or pulmonary abscesses The appellation “bron- 
chitis” seemed to us to be more suitable because, at least m the primary 
form of the affection, the signs in the respiratory tract were very 
vague in the early days of the disease, and were those of an acute 
bronchitis The examination of the sputum having proved that in 
addition to a spirillar infection there is added a considerable number 
of other micro-organisms, it is impossible to settle the question as to 
whether the extension of the bronchial inflammation to the pulmonary 
parenchyma is attributable to the spirochete or to the organisms of 
secondary infection In the early days of the disease, when it is pri- 
mary, the fetor may be absent or slight, and the spirilla very 
scanty m the expectoration It may even be impossible to make them 
out at that time Although the disease is not malignant, it is to be 
differentiated, however, from an acute bronchitis by a sudden onset 
with high fever, general phenomena, and especially a complete lack of 
tendency toward spontaneous recovery After from several days to 
several weeks the patient loses his strength, becomes emaciated, his 
bronchitis merges into bronchopneumonia, the spirilla tend to become 
more abundant in the expectoration, while the fetor of the breath also 
becomes aggravated All the patients observed by us were soldiers 
in the Belgian Army m the field, who had not lived in tropical coun- 
tries, and had never been in contact with colonial troops 

For this reason, and for the others mentioned above, we have dif- 
ferentiated the affection from the two maladies analagous and yet 
distinct one from another, described, one by Castellani,’^ and the other 
by Violle,^ both of which appear to originate in warm climates 

If, as we thought, the affection is autochthonous, it remains to be 
explained why we have had occasion to see a considerable number 
during the course of a year when, so far as we know, no disease of 
this sort had previously been described in temperate regions 

The most probable explanation appears to be the following If 
the case is benign and remains benign (this eventuality we have not 
observed, but our observations do not permit us to exclude it), if it 
ends in recovery spontaneously or favored by treatment, there is con- 
siderable likelihood that it may be regarded as an acute catarrh of the 
upper respiratory tract If, on the contrary, the malady becomes 
aggravated and lethal in its course, it will impress the uninformed 
physician as being an acute bronchopneumonia which, at a given 
moment, is complicated by pulmonary gangrene 

As a matter fact, the observations at necropsy in our fatal cases do 
not at first glance plead m favor of this point of view One observes 
in the examination of the lungs postmortem, the presence of diffuse 
congestion and edema, areas of disseminated bronchopneumonia, 
sometimes multiple miliary abscesses, but no pulmonary gangrene 



i\OLF— BRONCHITIS A\D GAAGRENh 


447 


During the summer of 1918, one of us had occasion to see a patient 
whose history would seem to bring new evidence toward the solution 
of the above problem The following is a resume of this observation 

Case 9— Berch, M, a soldier, aged 32 jears, presented nothing abnormal 
from a hereditary standpoint He had pneumonia at 17, acute dysenter} one 
year ago The history \\as one of sudden onset June 9, 1918, with general 
malaise and pain in the back June 10 he had a stitch in left side in the 
region of the precordium, with dyspnea Cough and expectoration appeared 
on the following day On entering the hospital, June 13, he had a temperature 
of 372 C, pulse 100, and moderate dyspnea His general nutrition might have 
been better He was thin, his muscles were poorly developed There w'as 
great prostration The tongue, covered with a thick, w'hitish coat, tended to 
be drj’’ There Avas pyorrhea alveolans The digestive tract was negative 
On examination of the chest, there w'as found diminution in resonance at the 
left base, and fine, localized crepitation m the left axilla Throughout the 
remainder of the chest, dry rales of bronchitis w'ere heard The heart Avas 
negative His arterial pressure Avas 169 (Pachon) The urine shoAved a trace 
of albumin In the days folloAving the temperature fell gradually, reaching 
normal June 22, A\diile the signs of bronchopneumonia increased The left base 
became dull, bronchial bloAvmg breathing Avas heard Later, June 20, the right 
base shoAved similar signs 

Moreover, June 23, fever recurred, the temperature rising to 382 C, descend- 
ing gradually toward normal during the folloAVing days June 29, the patient 
Avas afebrile, and remained afebrile until Juli^ 9, Avhen there Avas a moderate 
ncAV febrile paroxjsm lasting several days By July 12 there Avas again 
deferA’^escence, of more than one Aveek’s duration Avithout marked change in 
the condition of the bases posteriorly The patient did not regain his strength 
July 22 the fever again recurred, this time to remain It was very irregular 
The local signs did not vary Expectoration became abundant, it Avas muco- 
purulent and fluid Tubercle bacilli Avere sought for on various occasions 
Avithout results July 25 the patient expectorated sputum mixed Avith red blood 
about tAventy times This sj^mptom caused us once more to incline toAvard 
the diagnosis of pulmonar} tuberculosis, although examination of the chest 
levealed no lesions in the apices 

The appearance of a neAV S 3 miptom on August 5 definite^ settled the diag- 
nosis On this day the breath and sputum Avere found to be A^ery fetid Tlie 
nurse had made the same obserA ation during the preceding days Avithout think- 
ing of calling our attention to it The microscopic examination of the sputum 
revealed spirilla altogether analogous to those described bj'^ Spehl in several 
cases of fetid bronchitis Nevertheless, despite the repeated administration 
of noA^arsenobenzol intraA’^enouslj', the situation did not improA'e August 16 
the expectoration became hemorrhagic August 17, the patient raised pure 
blood and died on the eighteenth AAuth abundant hemopt 3 sis 

The necrops 3 ', niade b 3 ’’ Dr Colard, shoAAcd nothing notable m the heart 
or digestive tract The spleen AA^as increased in size and diffluent No tubercle 
Avere found m the spleen liver or kidneys The right lung Avas adherent to 
the parietal pleura, and the three lobes Avere glued togetiier by recent adhe- 
sions There AAas diffuse bronchitis, congestion of the base, no tubercles The 
left lung Avas bound OAer its whole surface to the parietal pleura by old, thick 
adhesions In the upperjobe there was bronchitis Avithout tuberculous lesions 
The loAver lobe Avas riddled AAith numerous cavities filled AAith foul pus One 
of these, situated m the posterior and loAA'er part, was of the size of a large 
nut There Avere, moreover, numerous miliar 3 abscesses The lung itself Avas 
gangrenous almost throughout its loAAer lobe 


med Par^’sO 657^1918^ gangrene pulmonaire a spirilles. Bull de I’Acad de 
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The interesting point about this case lies in the circumstance that 
It presented at first, the characteristics of secondary spirillar broncho- 
pneumonia, the primary infection being here a grippal bronchopneu- 
monia There was, however, a clear tendency to pulmonary hemor- 
rhages, and, indeed, it was as a result of an accident of this nature 
that the patient died Barring this complication, nothing would have 
justified a clinical distinction between this case of secondary spirillar 
bronchopneumonia and the two cases observed above, but the necropsy 
showed the presence of an extensive gangrene of a lobe of the lung, 
which was absent, as has been said, in all the cases published by Spehl 
and me 

It has, therefore, been shown that one may find spirilla similar to 
those described by us in the expectoi ation of a patient in which an 
acute bronchopneumonia becomes complicated at a given moment with 
pulmonary gangrene It is probable that this observation will be 
repeated when in other like cases, spirilla are sought by appropriate 
methods It remains to be explained why, m the fatal cases which 
we ha-ve published previously, gangrene was nonexistent 

Two hypotheses may be considered (1) In rapid diffuse forms, 
such as- in Cases 7 and 8, death may occur before gangrene has had 
time to develop (2) In the more circumscribed forms the evolution 
of which IS less rapid, like Case 2, death at a late period seems to have 
been the result of secondary complications, as is proved by the com- 
plete disappearance of spirilla m the expectoration and in the pus of 
the abscesses — a disappearance brought about probably by arsenical 
treatment 

If the last hypothesis is sound, the sum of the observations hereto- 
fore made would allow us to ascribe to the spiiilla a role m the pro- 
duction of gangrene 

In the present state of the question, and so far as our observations 
justify a conclusion, it Avould seem, then, that spirillar bronchopneu- 
monia IS a malady of temperate climes, and that it has probably been 
confounded up to the present time, with pulmonary gangrene con- 
secutive to acute or chronic affections of the respiratory tract Its 
micro-organism is probably a common inhabitant of the upper respira- 
tor)' passages, particularly of the mouth and pharynx In this con- 
nection it is mteiesting to observe that the last mentioned patient 
suffered from pyorrhea alveolaris at the time of his entrance into the 
hospital 
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PULMON\RY TUBERCULOSIS B) Mauiict Fishbcrg, MD, Chnical Pio- 
fcssor of Medicine, New York Unneisity and BellcMie Hospital Medical 
College Second edition, revised and enlarged Illiistiated witli 100 cngiav- 
nigs and 25 plates Philadelphia and New York, Lea S. Febiger, 1919 

The author of this w^ork sets forth his object in the preface The only draw- 
back to this IS that prefaces are rarclj read, and the rcvicw'cr hopes that some- 
thing may be gained by noting Dr Fishberg’s intentions here He believes 
that physicians can and should do inoic to recognize phthisis in its earliest oi 
pretnbcrculous stage , that institutional treatment is not the onlj effective ivay 
of handling the phthisical patient , available institutions w'ould hardly accom- 
modate 10 per cent of the eligible patients should all wush to enter, even those 
who enter sanatoriums require tieatment before admission and after discharge, 
caicful home treatment may produce practicallv the same immediate and ulti- 
mate lesults as institutional treatment and is less costly to the patient and to 
the community It w'ould be w'cll if these pnnciples w'ere inculcated into the 
minds of all classes of the community It is useless for physicians alone to 
know them to be true Since physicians will chiefly use the book, it is worth 
wdiile to show wdiethcr the author has realized his aim in wanting it A critical 
reading brings the conclusion that the object has been very thoroughly attained 
The subject mattei is well subdivided and the different chapters have been 
skillfully treated so that m each one a clear idea is conNC>ed and at the same 
tune no parts aie dispiopoitionatcly too long oi too brief Realizing that many 
W'lio lead the book have not had lecciit experience eithei in laboratones or 
clinical institutions, the author has adopted a simple, but clcai, and on the wdiolc, 
an accurate way of show'ing the present state of knowdedge of tuberculosis and 
especially of consumption The expert may not accept all the view's held by 
the author, but even the expert must admit that the advice guen, if acted on, 
W'ould eiiornioush advance the recognition and care of consumptive patients 
Perhaps the pathologic details arc discussed too briefly, but the matter will 
gne a good staitiiig point for any phvsician who w'lshes to take up the more 
advanced studr and there are useful references to recent original w'ork in all 
the sections The social relations arc well described In the chapter on 
sjmptomatologe, the pree ailing errors in practice and the most dangerous pit- 
falls for the inexperienced imcstigator are w'cll and fullj described One can 
see on everj page the author’s close observation and careful stude of clinical 
medicine as well as of the psjchologe of the tuberculous indnidual The sec- 
tions on plnsical diagnosis are particularU full, clear and accurate Roent- 
genoIog\ IS discussed well and death , and reproductions of roentgenograms 
aie rather better than the average of their kind The differential diagnosis is 
well worked up, and the complications are described well Undci prognosis, 
the \arious factors that are concerned are discussed with praisewortln judg- 
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inent, while the sections on treatment are lull and practical and the measures 
advised are such as are in favor with the most experienced specialists in and 
out of institutions The illustrations, m general, are well chosen and well repro- 
duced The book has been made up carefully and is well printed It should 
find a large audience, particularly among general practitioners 
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EXPERIMENTAL PELLAGRA IN WHITE MALE 

CONVICTS 

JOSEPH GOLDBERGER, MD, and G A WHEELER, MD 

WASHINGTON, D C 

Four years ago we published a brief note ^ on a feeding experi- 
ment, earned out at the Mississippi State Penitentiar)^ in which we 
reported the successful production of pellagra in some white male con- 
victs Preparation of the detailed report of this experiment was 
unavoidably delayed by the pressure of continuing field investigations, 
but has now been completed and is in course of publication ” Because 
of the importance of some new points relating to the etiology of the 
disease that certain observations in connection with the experiment 
suggest, it has seemed worth while to present on this occasion a some- 
what condensed report of this expenment and of the indications that 
It affords 

PURPOSE 

The purpose of the experiment was to test the possibility of pro- 
ducing pellagra in previously healthy men by feeding a one-sided, 
monotonous, principally cereal diet of the type observed by us in other 
previous studies to be associated rvith a high incidence of the disease 

PLAN OF EXPERIMENT 

The experiment ^Yas earned out at the Rankin farm of the Missis- 
sippi penitentiary The subjects were wdiite male convicts who rolun- 
teered for the purpose White adult males w^ere chosen m order to 
make the test as rigorous as possible, for, judging by the then avail- 
able incidence data, this race, sex and age group seemed least suscep- 
tible to the disease 

Believing that the significance of the expenment would be enhanced 
if, in the e\ent of success in producing pellagra, the attack or attacks 

*FroiTi field investigations of Pellagra U S Public Health Service 

■"Read m the Section on Pathology and Physiology at the annual meeting 
of the American IMedical Association, New Orleans, April 26-30, 1920 

1 Experimental Pellagra in the Human Subject Brought About bv a 

Restricted Diet Public Health Rep 30 3336 (Nov 12) 1915, also Pellagra 
Causation and a IMethod of Pre\ention, J A M A 66 471 (Feb 12) 1916 ’ 

2 Bull Hygienic Laboratory, No 121 
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developed at a season when the incidence and prevalence of the disease 
were normally on the decline, say in August or September, and having 
estimated that it would take about three or four months to develop 
the disease, it was planned to begin with the experimental diet early m 
May As the organization of the volunteer squad was completed 
February 4, this provided a period of three months for preliminary 
observation The growing impatience of the volunteers to begin and 
to get through with their ordeal obliged us, however, to begin the feed- 
ing about two weeks earlier than planned, namely, April 19, 1915 

During the preliminary period (February 4-ApriI 19) the volun- 
teers were provided the regular prison fare and were closely scrutinized 
for any evidence of pellagra that might already have existed It also 
afforded time for them to become habituated to the desired routine 
of work and discipline 

As a condition of volunteering, it was agreed that the men would 
not be kept on the experimental diet longer than six months They 
were freed and, with one exception, passed from observation Nov 1, 
1915 The period of the feeding experiment extended, therefore, from 
April 19 to and including Oct 31, 1915, approximately six and one-^ 
half months 

CONTROLS AND SUBJECIS 

The population of the farm is made up of the prison officials and 
their families and a fluctuating number of white male convicts 

Controls — All persons other than the volunteers resident on the 
farm during the study were under observation as controls This 
included a total of 108 convicts Of these, thirty were present and 
under observation from the beginning to the end of the study, of 
five others, one was present at the beginning and continued under 
observation to October 26, while four were admitted m February, 
early during the preliminary observation period, and remained to the 
end Practically, therefore, we had under obseiA'^ation a control group 
of thirty-fi-\ e convicts for a period comparable to the period of obser- 
vation of the subjects of the experiment In age, the members of this 
control group varied between 19 and 51 years All denied having had 
pellagra 

There were resident at the farm a varying number of free indi- 
viduals (officers and their families) of whom twelve were present 
throughout the study Included in this group were six adult males, 
four adult females and two children, one a boy 12 years of age, and the 
other a girl 2 years of age This group is of special interest because 
of the supposed greater susceptibility of women and children None 
of this group of free controls gave a history of pellagra 

Subjects - — The squad of twelve volunteers, or “pellagra squad,” as 
it came to be called, vas organized between February 1 and February 4, 
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segregated and placed under a special guard employed for that purpose 
and under our control The ages of these men \ aried between 24 and 
50 years None gave a Instor)' of having had pellagra, or of the 
occurrence of the disease in any member of the family or a near 
relative 

July 1, one of this group ^^as released because of the development 
of a condition thought to be a prostatitis This left eleven men who 
remained in the test to its close 

GENERAL ENVIRONMENT 

Fa} m — The prison farm is located in Rankin County, about eight 
miles east of the City of Jackson, Mississippi It is roughly a square 
of about 3,200 acres The country surrounding the farm is sparsely 
settled 

Camp — A little to the north of the center of this faim is located 
the group of prison, official residence and farm buildings locally desig- 
nated as the “camp ” Near the center of this camp is a fence-enclosed 
quadrangular area within which are the structures, “cage” etc , in 
which the general convict population was housed The volunteers 
were lodged in the so-called new hospital, a small, one-story cottage, 
of recent construction, about 500 feet southeast of the “cage” and 
outside of the stockade Originally intended for use as the camp 
hospital, this cottage had served instead as a tailor shop and as quar- 
ters for one of the trusties and one of the assistant wardens By 
reason of this, the cottage was, by companson with the quarters of 
the other convicts, exceptionally clean In addition it was given a 
general overhauling and thorough cleaning before the volunteers were 
lodged therein 

Sacenmg — All of the residence buildings and quarters were sup- 
posed to be screened The screening of the general convict quarters 
was incomplete and defective, that of the cottage occupied by the 
volunteers was carefully scrutinized and all defects repaired before 
beginning the study and kept so thtoughout 

W atei Supply and ^crcveiage — This was essentially the same for all 
sections of the population of the farm 

Dtscase Pievalence — Pellagra is fairly prevalent throughout the 
county, but, so far as we could learn, no case of this disease had been 
observed on the farm 

EAteinal Comniumcatwn — Although an isolated commumty, the 
camp was in frequent communication with the outside world through 
visitors to the families of the officials and through visiting friends or 
relatives of the prisoners other than the volunteers The needs of 
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the camp made it necessary also for officers or trusties to visit Jackson 
and other points beyond the farm While no pellagrin is known to 
have visited the camp during the study, some of the free individuals 
or trusties may have come into direct contact with pellagra on the 
occasion of their visits beyond the farm The volunteers, however, 
were segregated and under special guard, and no communication was 
permitted them with the outside except through one of us (G A W ) 
who resided at the camp throughout the study While, therefore, 
some of the controls may have come into direct contact with pellagra, 
such contact was, we believe, absolutely excluded for the volunteers 


TABLE 1 — Approximatf Composition of the Food Consumed by a Group of 
Convict Controls (Thirty-Four Men) During Week 
Ending July 26, 1915 


Food 

1 

Quantity 

Consumed, 

Pounds 

Protein, 

Pounds 

Fat, 

Pounds 

Carbohy- 

drate, 

Pounds 

Biscuit 

197 62 

1719 

514 

109 28 

Biscuit pudding 

57 00 

496 

103 

20 68 

Flour cakes (fritters) 

13 25 

1 15 

0 34 

131 

Com bread 

73 44 

3 78 

2 35 

30 83 

Grits 

1 16 25 

0 27 

0 03 

2 45 

Eice 

2319 

0 41 

002 

666 

Butter 

619 

006 

5 26 


HiUc, skimmed 

264 94 

900 

0 69 

13 51 

Eggs 

2 87 

0 31 

022 


Brown gravy | 

819 

on 

0 03 

009 

Beef gravy ' 

6 81 

023 

002 

006 

Beef hash 

27 66 

590 

14 25 


Beef hver 

175 

0 36 

003 

0 03 

Beef roast 

13 12 

292 

3 75 


Salt pork 

4712 

396 

34 26 


Vegetable soup 

50 62 

147 

010 

0 25 

Potatoes, Insli 

12712 

317 

013 

26 57 

Cabbage 

16 00 

016 

0 05 

0 84 

Corn on cob 

! 12 75 


005 

098 

Cucumbers 1 

1 6 52 


0 01 

017 

Okra 1 

1 2212 


0 24 1 

0 71 

Onions, raw 

286 


0 01 

028 

Peppers, sweet green 

4 94 

0 36 

021 

152 

Tomatoes 

17 62 

0 21 

007 

0 69 

Appie pie 

' 17 50 

054 

172 

7 49 

Apples, baked 

r 0 37 


1 

i 0 04 

Apples, stewed 

2175 


007 

2 36 

Sugar 

! 34 75 



34 76 

Sirup, cane 

1 48 76 

023 


86 85 

Total 

57 47 

7013 

296 79 

Per man per day (gm ) j 

no 

134 

666 


Hygiene — The quarters of the convict controls were inadequately 
looked after and were for the most part dirty and vermin-infested 
The practice of personal cleanliness was left to the individual, and, 
therefore, varied within wide limits In contrast, the quarters of the 
volunteers were regularly and thoroughly cleaned and free of vermin 
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Each volunteer was required to wash hands and face before each meal 
and to take a full bath at least three tunes a week 

Work — ^The volunteers continued to do a share of the work of the 
farm At first the hours of the volunteers were those of the other 
prisoners, but after beginning the experimental diet the hours were 
shortened, and when in the field the}' were allowed a rest period of 
ten minutes in every hour The work of the convict controls is rated 
by us as requiring moderate to hard, that of the volunteers as requir- 
ing moderate to light muscular exertion 

Did of Conti ols — While it varied somewhat from week to week, 
the character of the diet of the convict controls during the second 
period of the study is fairly well illustrated in Table 1, for the week 
ended July 26, 1915 Weighings were made of the food consumed by 
a group of this class of controls during four sample periods of a week 
each Chemical analyses were impracticable, and as in the case of 
some of the cooked dishes an estimate had to be made of the quantity 
in place of actual weighings of the individual ingredients, the composi- 
tion shown in this table (computed by means of the Atwater and Br}'ant 
Tables is an approximation which, while probably fairly close, can- 
not be regarded as exact Judged by the indications afforded by the 
four sample-week periods, summarized in Table 2, the diet of the con- 
trols, although tending to be rather high in fat, conformed fairly well 
to recognized standards The potential energy varied between 3,500 
and 4,000 calories The intake of protein varied between approxi- 
mately 90 and 118 gm , that of fat between 95 and 135 gm , and that 
of carbohydrate between 540 and 580 gm Approximately, from 20 
to 35 gm , or about 20 to 35 per cent of the protein was from animal 
food 


TABLE 2 — Stjmm\ri of Afproximate Average Compositiox of the Food 
Consumed b\ Somf of thf Conmct Controls Pfr Man Pfr Dat 
During the Specified S\mplf Periods 


Sample j 
Period, 
Week i 

Ended I 

1 

1 

1 1 

j Protein 1 

1 ' 

1 

1 

Carbo- j 
In drate, 1 
Gm j 

! 

j 

Calories 

Pcrcen 
tage of 
Total 
Calories 
Derived 
from 
Protein 

j 

Total, j 
Gm 

From -Ininial Food' 

' Fat, 

Gm 

1 

i 

i 

Gm 

Pcrcen \ 
tage of I 
Total 1 

June 6 

ss i 

1 29 

33 i 

1 97 i 

50S 1 

3,590 

10 

June29 

97 1 

i OJ 

35 ! 

1 117 i 

539 1 

3,695 

11 

Julj 26 ! 

110 1 

32 

2D i 

1 134 I 

566 

4,020 

11 

Oct 21 j 

92 

IS 

20 i 

1 96 1 

679 ' 

3 645 

10 


Expermental Diet — The volunteers began the expenmental diet 
with the midday meal of April 19 1915, and continued it up to and 
including the midday meal of Oct 31 1915 

3 Bull U S Department of Agriculture, No 28 
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The ingredients of the diet were white wheat flour, corn (maize) 
meal, hominy grits, cornstarch, white rice, granulated cane sugar, cane 
syrup, sweet potatoes, pork fat, cabbage, collards, turnips, turnip 
greens and coffee In the preparation of biscuits and cornbread 
“Royal” baking powder was used Table salt and pepper were freely 
allowed for seasoning Up to July 28, buttermilk was used m making 
the wheat biscuit, this being the same biscuit as that provided the 
controls During the week ending June 27, 3 pounds of beefsteak 
were served at one of the meals, thus giving each man approximately 
4 ounces of lean beef on this occasion No fats other than those occur- 
ring naturally in the foods specified were used, the pork fat was 
extracted from salt pork by frying or boiling The sirup was home- 
produced, from “ribbon” sugar cane raised on the farm 

All ingredients appeared to be of excellent quality and, with one 
or two exceptions, were part of the general camp supply The prin- 
cipal exception was the maize meal That of the camp was home- 
ground from corn raised on the farm and was unbolted As it was 
desired to keep the antmeuntic vitamin content of the diet low, and 
as it was believed that the milling might be a factor of importance in 
this and possibly other respects, we preferred to use a bolted meal, 
and accordingly provided the volunteers with such Having in mind 
the great etiologic significance that had for so long attached to the 
quality of the maize, we provided the best quality of both meal and 
grits obtainable on the local market In order that we might have a 
biologic check on the quality of these maize products, we arranged to 
secure our supply from part of that being used at one of the orphanages 
at which a study of the preventabihty of pellagra by diet was being 
made at the time and at which, it may be recalled, no pellagra occurred 
during 1915 For purposes of additional check, we arranged also that 
the controls should share with the volunteers the hominy grits thus 
provided 

The diet served was not absolutely uniform throughout the experi- 
mental penod, as we felt it necessary by vanous devices to counteract, 
from time to time, the tendency of the volunteers to minimize the 
consumption of maize There were also individual variations in the 
diet consumed resulting from individual variations in preference for 
different foods leading to a certain amount of trading of favorite 
dishes Compared with the average diet we have m more recent 
studies * m cotton mill villages found associated with pellagra our 
experimental diet differed most notably from this in that it was very 
much more restricted, included no dried legumes, practically no animal 

4 Goldberger, Wheeler and Sydenstricker J A A 71 944 (Sept 21) 
1918, also, Public Health Rep 35 648 (March 19) 1920 
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protein, and included relatnely considerable quantities of green vege- 
tables So far as may be judged b) such surface indications, our 
experimental diet was probably not altogether a typical or average one 
Weighings of food consumed were made for eight periods of one 
week each Chemical analyses were impracticable so that the general 
composition of the diet was computed by means of the well-known 
Atwater and Bryant tables and the mineral constituents by means of 
the factors published by Sherman “ Tlie results obtained for the 
week selected as fairly representative are shown in Table 3, and a 
summar}' for each of the weighing periods is shown m Tables 4 and 5 
Reference to these shows a variation in energy intake of between 
about 2,500 and 3,500 calories, or a vanation of between about 40 
and 54 calories per kilo of the average weight of the volunteers This 
it will be recognized compares favorably with the requirement b)’’ the 
organism of “35 calories per kilogram of body weight in the average 
man doing light work on a mixed diet ” ^ About 6 per cent of the 
calories were contnbuted by the piotem 


TABLE 3 — Approxuiate Composition of tuf Food Consumed by the 
VoLUNTEFRS DURING THE WfeK EnDING AUGUST 9, 1915 
Average Per Man, Per Da\ 


Article 



I 

Pat, 

Gm 

\ 

Car- 

bohy- 

drate, 

Gm 

Minerals (in Grams)* 

Cn 

Mg 

K 

Nn 

p 

Cl- 

s 

Pc 

1 

Cornmcnl 

1 1VG4 

16 23 

3 33 


0 032 

014S 




0 253 

0190 


Grits 

331 

3 30 


27 39 

0 004 

0 020 





0 048 


Wliont flour 

160 9 

18 03 

184 

124 84 

0 033 

0 030 





0 293 


Rico 

30 0 

2 40 


23 70 

0 003 

0010 





0 035 


Cano sirup 

33 1 

016 


26 63 



1 

1 





Onno sugar 

72 6 

000 


72 50 




1 





Sweet potatoes 

1631 

2 94 

1 14 1 

44 69 

0031 

0 046 





0 039 


Cabbage 

15 6 

025 

0 05 ! 

0S7 

0007 

0002 



lilcisl 


0 010 


Collards 

6S9 1 

265 

0 35 

371 

0 062 

0 018 

0 302 

0 015 : 

0 053 


0102 


Pork fat 

103 9 

010 

105 65 ! 

000 




! 




j 0 0011 

•♦Total 

839 0 











I 0 0060 


* Not including tnblc salt or baking powder **Totnl calorics, 3,115 


The average intake of protein varied between approximately 41 
and 54 gni , that of fat between 91 and 134 gm , and of carbohydrate 
between 387 and 513 gm From SO to 97 per cent of the protein was 
from cereal sources, practically none was derived from animal food 
Comparison shows the experimental diet and the diet of the con- 
trols to be much alike with respect to intake of fat and carbohydrate, 
and when due allowance is made for the difference m the amount of 
work done by the contrasting groups, also with respect to energ}^ 

5 Sherman, H C Chemistrj' of Food and Nutrition, 1918, 2d Ed 

6 Lusk, Graham The Elements of the Science of Nutrition, 1917, p 345 
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With respect to protein, however, there are some rather outstanding 
differences between the two The intake of this nutrient by the con- 
vict controls was approximately twice that of the volunteers, and while 
from 20 to 35 per cent of the protein in the diet of the former group 
was from animal sources almost none at all of that in the diet of the 
latter was derived from this class of foods 


TABLE 4 — Summary of Average Composition of the Diet of the 
Volunteers During Specified Sample Periods (Per Day) 


Sample Period 
Week Ended 

Protein, 

Gm 

Fat, 

Gm 

Carbo- 

hydrate, 

Gm 

Total 

Calories 

Calories 
per Eg 

Percentage 
of Total 
Calories 
Derived 
from 
Protein 

May 27 

64 

134 

613 

3,570 

64 

6 

June 21 

41 

99 

426 

2,835 

45 

6 

July 12 

41 

91 

387 

2,600 

40 

6 

Aug 9 

46 

113 

457 

3,115 

49 

6 

Aug 29 

46 

117 

479 

3,240 

51 

6 

Sept 13 

47 

119 

481 

3 265 

52 

6 

Sept 20 

44 

114 

459 

3125 

50 

6 

Oct 6 

44 

105 

479 

3,120 

51 

6 


TABLE 5 — Sources of Protein in Diet of the Volunteers During 
Specified Sample Periods (Per Day) 


1 

Sample Period 
Week Ended 

Total, 

Gm 

From Animal 

From Cereal 

From Other Foods 

Gm 

Perccn- ; 
tage of 
Total 

Gm 

Percen- 
tage of 
Total 

Gm 

Percen 
tage of 
Total 

May 27 

54 

Hgi 

30 

44 0 

810 

80 

16 

June 21 

41 


34 

33 0 

805 

66 

16 

July 12 

41 

09 

20 

37 0 

900 

30 

8 

Aug 9 

46 

01 

03 

40 0 

87 0 

58 

18 

Aug 29 

46 

01 

03 

42 5 

920 

34 

8 

Sept 13 

47 

01 

03 

43 8 

93 0 

33 

7 

Sept 20 

44 

01 

03 

40 5 

920 

30 

1 

Oct 6 

44 

01 

03 

40 0 

910 

38 

9 


With respect to the mineral constituents and vitamins differences 
can be indicated in very general terms only The inclusion of milk, 
butter, peas and beans m the diet of the controls and their complete 
absence (milk excluded after July 28) from the diet of the volunteers 
would suggest that the former had a more satisfactory mineral com- 
position and was richer in both the fat soluble and the antmeuritic 
vitamin 

RESULTS 

Aside from a number of more or less ill-defined ailments and minor 
injuries, there were observed among our controls a number of rather 
sharp attacks of malaria, one of appendicitis with appendectomy, one 
of hemorrhoids with surgical operation, one of probable ureteral cal- 
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cuius, and one of cerebral tumor, but m none was there any evidence 
justifying even a suspicion of pellagra It was quite otherwise with 
the volunteers as may be seen from the following anal) sis of the mani- 
festations observed among them The detailed clinical record of each 
individual cannot, of course, be presented wuthm the limits of the 
present paper, but ivill be found in our full report 

ANALYSIS OF SYMPTOMS 

Fnst Symptoms — After instituting the test diet, no complaints to 
wdiich we w'ould attach any significance were recorded until May 2, 
when we have a complaint by “A E S ” of weakness and dizziness 
Six days later another of the volunteers, “A W brother of the first, 
made his first complaint, that of epigastric pain By June 20, all eleven 
men had begun to complain in one way or another Eight of the eleven 
men made their first complaint between May 18 and June 20, that is 
during the second month of the test diet Of the symptoms first com- 
plained of, weakness, alone or accompanied by some other symptom or 
symptoms, was mentioned by five Of the other six men, four men- 
tioned abdominal discomfort or pain (epigastric or right iliac) and 
two mentioned headache (with nausea in one and “indigestion” in the 
other) as the first, or among the first, symptoms 

Weight — All of the volunteers lost weight, the loss varying between 
6 and 22 6 per cent Comparison of the weight curves of the volun- 
teers with those of a comparable group of controls discloses a very 
marked difference The weights of all the volunteers show a general 
downward trend wdnch is particularly marked dunng the last four 
iveeks of the experiment In the control group the weights tend to be 
stationary or a slight early downward trend is followed by an upward 
tendency, in none is there any significant loss during the last four 
weeks 

Weakness — In all of the volunteers there developed clear indica- 
tions of some diminution in strength and vigor In some this loss was 
very conspicuous, being shown by an unsteady gait and. w^hen stand- 
ing, by a tendency to seek for the support of the back of a chair, a 
table, or a wall Subjectively, all the men complained of a general 
weakness In some there was the additional special complaint of weak- 
ness in the legs, and one complained of stiffness in the legs, of which, 
howe\ er, there was no e\ idence apparent to the observers At the close 
of the experiment, all of the ^olunteers looked nom In se\eral the 
objective and subjective indications of weakness and exhaustion were 
ver)^ great, quite out of proportion to the actual loss in weight 
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Headache — Headache variously localized and of varying degree, 
both as to intensity and frequency, was complained of by seven of the 
volunteers 

Pam — Painful sensations of one kind or another, other than head- 
ache, occurred in all eleven men Pain in the small of the back and 
abdominal pain or discomfort were of about equal frequency, the 
former occurring in five and the latter in six of the men Pam in the 
side was the next m order of frequency, being recorded in four of 
the volunteers In three of these four subjects the pain was in the left 
side In all four it was referred to the region of the costal border 
near the corresponding nipple, or mid-axillary, line 

Pam in the right iliac region ’ occurred in three cases, in the epi- 
gastric region (probably dyspeptic) in two, and in the hips in one case 
Cramps in the legs and darting pains starting at the ankles and passing 
upward were complained of by one of the men 

Nervousness of varying degree was one of the most nearly con- 
stant of the manifestations recorded It occurred in ten of the volun- 
teers Veitigo occurred in five cases Wakefulness of varying degrees 
and for varying penods was complained of by five of the volunteers 
In some of these, and at times in the others, it appeared to be brought 
about by some painful sensation (headache, etc ) in others, oi at other 
times, there appeared to be no reason for it other than “nervousness” 
or restlessness 

Pai esthestas — Vague nervous manifestations that may be grouped 
as paresthesias were also noted Burning in the “stomach” occurred in 
two cases, and burning in the feet and legs in one A complaint of a 
feeling of heat was noted in one of the men A sensation described 
as if an acorn had lodged m the chest was spoken of by one, and as if a 
“knot of something in the stomach” by another 

Mental Depi ession — Apprehension and moroseness of a degree to 
be decidedly noticeable was recorded in one man 

The knee ]eik became exaggerated in five of the eleven men In 
one it appeared to be reduced and in five no change was recognized 
Of the five that were exaggerated the change was noted October 17 
in one, and October 24 in four , in all the change was first noted at or 
shortly after the close of the sixth month of the test diet 

Digestive Tract — Reddening of the tongue at tips and margins was 
noticed in five of the men In two of these there was also some redden- 
ing of the mouth In all instances the reddening of the tongue was 
slight to quite moderate in degree Burning of the mouth was reported 

7 This pain is very suggestive of appendicitis and we have some reason to 
behe\e has occasionally led to operation The surgeon will do well to keep in 
mind that pain in the right iliac region may be associated with pellagra 
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by one of the men, and m another there \\as noted a slight increase in 
the sahvar}^ flow Although complaints of diminished appetite were 
made at one time or another by nearly all of the \olunteers and was 
fairly marked in at least three of the men, the}”^ all, nevertheless, ate 
fairly well 

Dyspeptic symptoms, including gaseous or acid eructations, were 
noted in at least five of the men Vomiting occurred m four and 
nausea wnthout vomiting w^as noted in tw^o of the subjects Gastric 
analyses w^ere not practicable 

A mild diarrhea, up to three or four watery evacuations a day, 
occurred in three and a tendency to constipation w’^as noted in one of 
the men In seven no change from the normal was noted 

Skin — A reddening of th'e oral commissures with tendency to fissur- 
ing w^as noted in one, and in a second, besides the reddening, there was 
noted an actual fissunng wuth a somewhat linear erosion extending for 
about one centimeter dowmward and backw'ard on the cutaneous 
surface 

A well marked dermatitis varying somewhat in extent but bilater- 
ally symmetrical, sharply margmated and more or less scaly developed 
on the ^entral or ventrocaudal surface of the scrotum of each of six 
of the ^oluntee^s The skin of the median raphe retained a normal 
appearance in all instances A fairly definite bilateral erythema affect- 
ing the scrotum was noted in a seventh and a doubtful erythema on the 
scrotum of an eighth man The earliest date of the beginning of this 
eruption w^as September 12, or at about the end of the fifth month of 
the diet The evolution of these lesions (scrotal) w'as at first rather 
slow, so that it w'as not until very near to the end of the experimental 
period that they became sufficiently well-defined to permit of more 
than a suspicion of their significance In some of the cases this derma- 
titis w^as accompanied by slight itching and burning In one man theie 
w^ere no subjective local sensations, and the lesion on the scrotum 
might ha\e escaped observation had w^e not made our examinations 
after completely stripping each man 

In three of the cases with lesions on the scrotum the erj^thema or 
dermatitis extended in some degree to the under surface of the penis, 
and in tw'o of these there was also some involvement of the prepuce 

In addition to the lesions on the genitalia, three of the men pre- 
sented lesions on other parts One presented a slight erythema over 
the knuckles of the middle and ring fingers of both hands, to which 
our attention was first called by Professor Haase, one of our derma- 
tologic consultants, one presented a ^ery w^ell marked, indeed, a class- 
ical, pigmented keratosed, bilaterally symmetrical dermatitis of the 
backs of the hands, and the third a w^ell marked erj’thema of the dorso- 
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lateral areas of the deeply tanned skin of the neck® The volunteer 
presenting the lesions at the oral commissures presented no other 
cutaneous lesions The classically marked dermatitis on the back of 
the hand, though later in appearing, was of much more rapid evolution 
than that on the scrotum This and the case with the erythema on the 
sides of the neck confirmed our interpretation of the nature of the 
genital (scrotal) lesion in these and the other cases 

With respect to temperature and pidse our data are in such form 
as to permit only of the general statement that these showed no notable 
deviation from the normal 

Palpitation was complained of by two of the men, this should 
probably be considered a manifestation of indigestion 

Uiine — The conditions under which we worked made it imprac- 
ticable to regularly secure twenty-four-hour specimens, so that with 
but few exceptions the urine sample represented that first passed in 
the morning The results of the examinations of these specimens can, 
therefore, be interpreted only in a very general way In all instances 
there was a more or less marked trend to a reduced acidity A ten- 
dency to reduced specific gravity was also suggested, but this was not 
clear We found indican in the urine of at least seven of the volunteers 
during the period of the test diet In six of these it had also been 
present before that period, whether this was also the case m the 
seventh we cannot say, as no examination was made in this instance 
pnor to the beginning of the experimental diet In four of the volun- 
teers indican was detected m the urine before beginning the diet, but 
none during the course of the experimental period, in two of these 
indican reappeared m the specimen passed about eighteen hours after 
return to a high animal protein diet In one albumen present during 
the preliminary period disappeared after about two months of the 
test diet 

Diagnosis — The volunteers were seen with us on three occasions 
and a diagnosis of pellagra concurred in, in six of the men, by Dr 
E H Galloway, then secretary of the Mississippi State Board of 
Health, and by Dr Nolan Stewart, one time superintendent of the 
Mississippi Asylum for the Insane at Jackson, and among the first to 
recognize pellagra in Mississippi 

8 In this connection the following from a letter from Professor Haase, 
referring to one of the volunteers seen by him m Memphis shortly after the 
latter s release, is of interest “He had not only a sharply marginated pig- 
mented lesion on the left side of neck, but two pigmented lesions on right hand 
o\ er the articulations ” Unfortunately, Professor Haase was unable to furnish 
the name of this man so that he cannot be identified definitely We think it 
probable, however, that this refers to volunteer “E W H,” in which event the 
lesion on the right hand had escaped our observation or had developed after 
his release 
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In excluding the known dermatoses other than pellagra, the special 
knowledge of Dr Marcus Haase, professor of dermatolog)- in the 
Medical College of the University of Tennessee. Memphis, Tenn , and 
that of Dr Martin Engnian, professor of dermatology in the Wash- 
ington University Medical School, St Louis, Mo , were utilized in 
consultation In addition to the foregoing, who were formally called 
into consultation, the subjects were also seen by Drs C R Stingily 
and F L Watkins of the State Board of Health, and by Dr C H 
Waring of the U S Public Health Science, all of whom concurred in 
the diagnosis In this connection it may be stated that in response to 
an inquiry (August, 1918) addressed to our denuatologic consultants 
as to whether they were still of the opinion that the known dermatoses 
other than pellagra could be excluded in our experimental cases. 
Professor Engman writes (Sept 4, 1918) "Will say that I am at 
present even more confirmed in the opinion I gave you three years 
ago, as to the nature of the eruption on the convicts in the experi- 
mental squad, than I was at that time,” and Professor Haase, under 
date of Aug 20, 1918, writes "I have not changed my opinion in 
regard to cases seen with you and Wheeler at the prison farm near 
Jackson, Miss As stated to you then, I knew of no dermatologic 
condition, except pellagra, that would produce lesions seen, and on my 
return home looked for early lesions occurring on scrotum and 
observed two such cases ” We may add that m the four years since 
the close of the experiment we have seen many hundreds of cases of 
pellagra (over a thousand cases were seen by us in a cotton mill village 
study in South Carolina in 1917 alone) and this exceptionally large 
experience with all types of cases has afforded ample additional con- 
firmation of the soundness of our diagnosis in our experimental cases 

It IS a not infrequent observation that in a family of several mem- 
bers, although only one may show the distinctive cutaneous lesions, 
some, if not all, of the others may present subjective and other mani- 
festations which leave little room for doubt that they also are suffer- 
ing from the same disease Now, it seems to us, that our squad of 
\olunteers is strictly comparable to a family group, so that it would 
appeal to follow that, having recognized the six cases presenting the 
skin lesions as pellagra, this diagnosis may properly be extended to 
apply to the fi\ e without the distinctive cutaneous lesions, but present- 
ing the other manifestations In other words, we are of the opinion 
that every one of the volunteers developed pellagra, at least six with 
skin lesions and four or five without ("pellagra sin pellagra”) 

Discussion — The fact of the first appearance of the skin lesion on 
the scrotum in all our cases with definite eruption, suggested to us that 
the scrotal lesion might be a much more common early skin manifesta- 
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tion than had theretofore been believed The literature on this point, 
at the time of the publication of our preliminary note was, and still is, 
extremely meager There existed, so far as we are aware, only two 
first hand reports of this lesion, a paper by Deiaco® and a report by 
Stannus In the one case reported by Deiaco the scrotal eruption was 
not the initial one, but was preceded by lesions in other locations 
Although Merk, by implication, clearly suggests that the scrotal lesion 
may be the first to appear, Stannus seems to have been the first to 
actually record such cases In his report of pellagra m Nyasaland, 
Stannus records nineteen cases (out of 100 with eruption) that pre- 
sented the scrotal lesion, and of these nineteen, four presented the 
scrotal lesion alone, whether the scrotal lesion was the first to appear 
in any other of his cases is not clear from his report Since the publi- 
cation of our note a case of pellagra with the initial lesion on the scro- 
tum has been reported by Crosby from South Carolina, and by 
Wood from North Carolina 

In the course of our study of pellagra in cotton mill villages in 
South Carolina in 1916, notes were made (by G A W ) of twenty- 
three male cases examined for lesions on the genitals and of finding 
four with lesions on these parts as the initial site Of these four cases, 
one was a first and three were recurrent attacks Of the twenty-three 
cases examined, eight were claimed to be first and fifteen recurrent 
attacks, so that we had one of eight first attack cases with the initial 
site of the dermatitis on the genitals and three of fifteen recurrent 
attack cases with this lesion 

This experience would seem to bear out our suggestion that the 
pellagrous eruption occurs on the male genitalia as an initial lesion 
much more commonly than the literature might lead one to judge It 
remains a fact, however, that the genital lesion, whether early or late, 
IS a somewhat unusual one Its appearance in all our cases with erup- 
tion as the initial lesion is therefore of exceptional interest It is 
extremely difficult if not impossible to interpret this as merely a chance 
phenomenon or as an individual peculianty We are inclined to inter- 
pret It as a specific reaction, direct or indirect, to some special factor 
or combination of factors in the diet, and it suggests to us further 

9 Deiaco, Pius Ueber lokalisation und natur der pellagrosen hautsymptome, 
Wien klin Wchnschr 20 967, 1907 

10 Stannus, Hugh S Pellagra in Nyasaland, Tr Soc Trop Med and Hyg 
7 32, 1913 

11 Merk, Ludwig Die Hauterscheinungen der Pellagra, Innsbruck, 1909, 

p 20 

12 Crosby, C E Pellagra with Erythema of Scrotum as Initial Skin 
Manifestation, J A M A 68 1403 (May 12) 1917 

13 Wood, E J The Diagnosis of Pellagra, Arch Diagnosis, 10 139 
(April) 1917 
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that the site of at least the initial lesion in pellagra is hound up with a 
specific quality of the diet Thus, we are inclined to belie\c that the 
dietary fault related to a case of pellagra with the initial lesion on the 
backs of the hands differs in some essential detail from that associated 
with a case in which the initial lesion appears on the backs of the feet, 
etc It seems to us that we have here, at least, one element in the 
explanation of some of the icported differences in the manifestations 
of pellagra in difierent localities and in the same locality in diffcient 
years 

CONCLUSIONS 

Having due regard for the controlled conditions of the expeiiment, 
the conclusion would seem to us to be warranted that pellagra devel- 
oped in at least six of our eleven volunteers as the result of the 
restricted diet on which they subsisted 

In considering its significance m i elation to the etiology of the dis- 
ease this experiment should be regarded as evidence not apart from 
but in conjunction with other evidence bearing on this problem When 
so consideied it is our judgment that this evidence clearly and con- 
sistently points to diet as the controlling factor m the causation as 
well as in the prevention of the disease We have elsewhere considered 
at some length the more important evidence in favor of an essential 
infective etiological factoi in this disease “ We shall, therefore, con- 
fine ourselves here to a consideration of only one of the arguments 
frequently advanced m its favor This most commonly takes the 
following form 

“Inasmuch as biead lines and poor nutrition are of common occui- 
rence in such large cities as New York, Chicago, etc , and as pellagra 
IS of rare occurrence m these places, diet and poor nutrition can have 
nothing to do with pellagra ” More recently this argument has at times 
been stated as follows “Inasmuch as the people of Europe, particu- 
laily of the Central Powers, have been on starvation diets and neces- 
saiily badly nourished, and we hear of no pellagra among them, diet 
and poor nutrition can have nothing to do with pellagra ” Assuming 
the facts to be as stated, the fallacy in the argument at once becomes 
apparent when it is pointed out that beriberi, a disease well known to 
be dependent on a faulty diet, seems to be or to have been no more 
prevalent than pellagra under the circumstances mentioned Evidently, 
then, it does not necessarily follow that, because a disease is the result 
of a faulty diet, any faulty diet will bring it about What this argu- 
ment does suggest, and strongly, is that if poor nutrition favors infec- 

14 Goldbcrgcr ind Wheeler Bull Hjgicnic Laboratory, Ko 121, also 
109 ^'’’ Sydenstneker Public Health Rep 35 648 (March 
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tion, as IS so commonly suggested, then either (1) “poor nutrition” 
does not predispose to invasion with the hypothetical “infection” of 
pellagra, or (2) no such “infection” exists, or finally (3) that a specific 
kind of poor nutrition is necessarjf to permit the pellagrous “infection” 
to establish itself 

In considering these possibilities, it may be argued that “poor 
nutrition” does favor invasion with the hypothetical pellagrous “infec- 
tion” in localities where this “infection” is present in the environment 
This would imply that in New York and Chicago, and, incidentally, 
m our North, as a whole, the pellagrous infection is absent or held in 
restraint by some unknown factor As a matter of fact, cases of 
pellagra, though relatively rare, are by no means of infrequent occur- 
rence in our Northern states and in such cities as New York, Chicago, 
etc The hypothetical infection of pellagra is present, therefore, and, 
it may be added, has been present in this environment at least since 
the notable epidemic of 1909 at the Peoria (111 ) State Asylum Con- 
sequently, the important question presents itself Why is the disease 
no more prevalent in these cities and m the North generally if pooi 
nutrition favors its invasion'? The restraint imposed by the cooler 
northern climate, the only explanation which suggests itself and one 
frequently advanced in favor of the relative rarity of the disease in 
the North, fads as the explanation when it is recalled that in Italy 
pellagra has for generations been chiefly, if not entirely, prevalent in 
the cooler northern mountainous section, and that the disease has long 
been highly endemic in such relatively rigorous climates as those of 
Bukowina, Transylvania, Roumania and Bessarabia 

In view of these facts, it seems to us that the assumption that “poor 
nutrition” of a general character favors invasion with the hypothetical 
“infection” of pellagra, and that this is the explanation of the role of 
diet in pellagra, is untenable This does not, however, in strict logic 
exclude the third of the above stated possibilities, namely, that a poor 
nutrition of a specific kind is essential to enable this “infection” to 
establish itself It will at once be recognized that this is identical with 
the view still held by some with reference to the etiology of such dis- 
eases as beriberi and scurvy, namely, that each is due to a specific 
infection which can arise only in one subsisting on a deficient diet of 
a specific character 

As in beriberi and scurvy, however, no unequivocal evidence in 
support of the existence of an essential infective factor in pellagra has 
yet been adduced Nevertheless, if in spite of this fact and in spite 
of the eMdence demonstrating the vital role of diet in these diseases, 
one still considers it logical to hold that there is also a second essential 
extrinsic factor, an infection, in benberi and likewise one in scurvy, we 
recognize that it is equally logical to hold a similar view with respect 
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to pellagra Clearly, however, even in such e\ ent diet is necessarily 
recognized as the primary controlling element 

DIETARY FACTORS 

Having evaluated the controlling etiologic influence of diet, we may 
next seek to determine the factor or factors in the diet which are to 
be charged with bringing about the pellagra syndrome or syndromes 
We have already seen that as relates to quantitative intake of energy?, 
fat, carbohydrate and protein, the experimental diet differed from the 
diet of the controls significantly only in that the intake of protein was 
low, though within the limits of recognized standards These charac- 
ters of the diet would seem therefore not to be of primary importance, 
an interpretation which is supported by the results of our studies of 
the food supply of pellagrous households in cotton mill villages 
With respect to the more intimate make-up of the diet, it has previously 
been noted that the protein was almost exclusively from products of 
highly milled cereals (wheat, maize, rice) In the light of recent 
studies, notabl}^ those of Osborne and Mendel and of McCollum and 
associates, this would suggest the probability of a deficiency m intake 
of some one or more of the ammo acids, a probability that would be 
much increased by the low plane of protein intake This interpretation 
is strengthened by the indications afforded by the results of some feed- 
ing expenments in rats carried out by Sullivan (Hygienic Laboratory 
Bulletin No 121) at the U S Pellagra Hospital at Spartanburg, S C , 
pointing to the protein as one of the limiting factors of the diet for 
this species 

The antmeuntic vitamin content of the diet was planned to be low 
and feeding experiments by Sullivan show that the diet was actually 
deficient m this factor for the common fowl and the pigeon It is of 
great interest to note, however, that none of the subjects developed 
any distinctive clinical manifestations of benben , whether they would 
have done so eventually had they continued on the diet is an interesting 
speculation 

Judging by the fact that none of the men showed the slightest 
recognizable indications of scurvy the content of the diet in the anti 
scorbutic factor would seem to have been adequate for flie period of 
the experiment at least 

With regard to the adequacy of supply of the fat soluble vitamin, 
It IS difficult to judge by reason of the meagerness of the available 
fundamental- data , none of the men developed any eye symptoms cur- 
rently considered suggestive of a deficiency in this food essential 

IS Goldberger, Wheeler and Sydenstncker I A M A 71 944 (Sent 21') 
1918, also, Public Health Rep 35 648 (March 19) 1920 ^ ^ 
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Compared to the average intake afforded by various American 
dietaries as compiled by Sherman/® the intake of some, at least, of 
the mineral ingredients in the diet of our \ olunteers u as decidedly low 
But whether the mineral intake as a whole or in an}’- of its constituents 
was actually inadequate or improperly balanced for normal nutrition. 
It IS perhaps impossible to state at the present time , that such may have 
been the case is rather strongly suggested, however 

It would seem from the foregoing considerations that our test diet 
was probably faulty in some degree with respect to the protein 
(ammo acid or acids) antineuritic vitamin and mineral constituents 
McCollum, as a result of his extensive studies in rats, believes that 
our diet was also deficient in the fat soluble vitamin Judging by the 
results of our field and other observations with reference particularly 
to the inclusion of dried legumes in the diet of pellagrous households 
and of individuals, we are satisfied that a deficiency in the antineuritic 
vitamin is not an essential element m the pellagra producing dietary 
fault Similarly the recent observation of the failure to prevent the 
disease in two individuals who for periods of four to five months 
before developing the eruption daily consumed the fat soluble vitamin 
contained in three ounces of creamery butter ould seem to indicate 
that a deficiency in “fat soluble A” is not essential to the production 
of pellagra The evidence that we have elsewhere adduced of the 
preventne value of a meat supplement, coupled with the seemingly 
small importance that attaches to this food as a source of minerals, 
would tend to indicate that the mmeral factor is of no essential eti- 
ological importance On the other hand, it may be pointed out that the 
sharp decline in seasonal incidence of the disease, in cotton mill villages 
of South Carolina, at least, is associated with a great increase in the 
food supply of green vegetables, a class of foods recognized as impor- 
tant sources of ash constituents in the diet The facts at hand, there- 
fore, do not warrant a definite judgment 'bn this point So that of the 
now generally recognized essential dietary factors, there remain for 
consideration aS possibly essential in relation to the etiology of pellegra, 
the protein (ammo-acids) and the inorganic factor The determina- 
tion of which or what combination (or combinations) of these, if any, 
or whether- some deficiency in an as yet unknown dietary factor 
(vitamin^) alone or in some combination or combinations with one or 
both of these known factors constitutes the specific pellagra producing 
dietary defect or defects must await further study 

16 Op at , p 271 

17 McCollum and Simmonds J Biol Chem 32 29, 1917 

18 Goldberger and Tanner, unpublished data The amount of fat soluble 
Mtamin derived from other sources during this period is believed to have been 
negligible 
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SUMMARY 

1 An experiment was carried out at the Rankin farm of the Mis- 
sissippi penitentiary to test the possibility of producing pellagra in 
previously healthy men by feeding a monotonous, principally cereal, 
diet 

2 The subjects of the experiment were eleven white adult male 
convicts who volunteered for the purpose They were segregated and 
kept under special guard None gave a historj'^ of having had pellagra 
or of the occurrence of this disease in any member of the family or 
a near relative 

3 All persons other than the -volunteers resident on the farm were 
under observation as controls This included 108 convicts, of whom 
thirty-five were under observation for a period comparable to the 
period of observation of the subjects of the experiment In addition 
there were twelve free persons who were present throughout the study , 
included in these were four adult females and two children 

4 The general sanitary environment was the same for’subjects and 
controls With respect to personal cleanliness, cleanliness of quarters, 
and freedom from insects and vermin, the volunteers were decidedly 
better off than the convict controls 

5 No direct communication with the outside was permitted the 
volunteers There was no special restriction imposed on the controls, 
convicts or free Direct exposure of some of the controls to a hypo- 
thetical infection was possible and may have occurred when beyond 
the limits of the farm , this possibility is believed to have been excluded 
in the case of the subjects of the experiment 

6 The volunteers continued to do a share of the work of the farm, 
but, when compared with the convict controls, they had shorter hours 
of work and had regular rest periods when m the field The work of 
the convict controls is rated as requiring moderate to hard, that of the 
volunteers as moderate to light muscular exertion 

7 The study falls into two periods, one extended from February 4 
to April 19, during which the volunteers were kept under observation 
\vithout any change in the regular prison fare, the second period 
extended from April 19 to and including October 31, during which 

■^the volunteers subsisted on the experimental diet 

8 The a\erage intake by the convict controls, as shown b} four 
periods of a week, each varied between approximately from 3,500 
and 4,500 calories, between 90 and 110 gm of protein, 95 and 135 gm 
of fat, and between approximately 540 and 580 gm of carbohydrate 
Approximate!} from 20 to 35 per cent of the protein was from animal 
food 
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9 The ingredients of the experimental diet were highly milled 
wheat flour, maize meal and grits, cornstarch, white nee, cane sugar, 
cane sirup, sweet potatoes, pork fat, cabbage, collards, turnips, turnip 
greens, coffee, “Royal” baking powder, salt and pepper During the 
first three months some buttermilk was used m making wheat biscuits 
All ingredients were believed to be of excellent quality and, with one 
or two exceptions, were part of the general camp supply In its essen- 
tial make-up the experimental diet was probably not entirely typical 
of the average pellagra producing diet 

10 The average intake by the volunteers, as shown by eight periods 
of a week each during the experimental period, varied between 2,500 
and 3,500 calories, between 41 and 54 gm of protein, between 91 and 
134 gm of fat, and between 387 and 513 gm of carbohydrate 

11 Although both classes of controls (convict and free) were 
exposed to the chance of direct contact with pellagra and although, as 
compared with the volunteers, the convict controls were at a disadvan- 
tage hygienically, and were required to work harder and furthermore, 
although various minor ailments and a number of rather sharp attacks 
of malaria were observed among them, none of the convict (or other) 
controls developed any evidence of pellagra On the other hand, 
although segregated and under special guard and the possibility of 
direct contact with pellagra excluded, and although' under much more 
favorable hygienic conditions, not less than six of the eleven volunteers 
who remained m the test to the end developed evidence which experi- 
enced observers joined with us in recognizing as those of pellagra 

12 Significant subjective symptoms made their first appearance 
among the volunteers during the second month after beginning the 
test diet These included weakness, abdominal discomfort or pain and 
headache All subjects lost weight, the loss becoming particularly 
marked during the last four weeks of the experiment At least six 
of the eleven men developed a well-marked eruption The earliest 
date of the beginning of this was September 12, or at about the end of 
the fifth month of the diet The initial site in all of the cases was 
the scrotum , later classical lesions also developed in one on the hands 
and in another on the neck The knee jerk became exaggerated in five 
of the men, the earliest date being October 17, at the close of the sixth 
month of the experiment 

13 Having due regard for the controlled conditions of the experi- 
ment the conclusion seems warranted that pellagra developed in at 
least SIX of our eleven volunteers as the result of the diet on which 
they subsisted 

14 The scrotal lesion is a much more common early skin mani- 
testation of pellagra than has heretofore been realized, but is never- 
theless a somewhat unusual one 
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15 It IS suggested that the site of at least the initial dermatitis 
accompanying an attack is bound up with a specific quality of the diet 
The view is advanced that there exist essential differences in the inti- 
mate make-up of the diet corresponding to observed differences m 
some, at least, of the clinical types of the disease 

16 In relation to the pioduction of pellagra, the dietary factois to 
be considered as possibly essential are (1) an ammo-acid deficiency, 
(2) faulty mineral supply or constitution and perhaps (3) an as yet 
unknown (vitamin^) factor As to which or what combination, or 
combinations, of these constitutes the specific pellagra -producing 
dietary defect or defects remains to be determined 

The experiment herein described was made possible by the hearty coopera- 
tion of Governor Earl Brewer and Dr E H Galloway, of the State Board of 
Health of Mississippi, to both of whom our grateful acknowledgments are due 
We are indebted to Dr Galloway also for his interest and aid as one of our 
consultants Our thanks are due also to Dr Nolan Stewart and Professors 
Haase and Engman for their valuable assistance as consultants To Dr A G 
McLaurm of Brandon, Miss , prison physician since 1909, we are indebted foi 
information relative to disease prevalence at the prison farm and to Drs 
Stingily, Watkins and Waiing we are indebted for their interest and for many 
helpful courtesies 
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The following summary of the literature on pulmonary edema is 
to serve as a background for the present great interest in pulmonary 
edema stimulated by the work done on gas poisoning m the battle areas 
and in the laboratories It was decided that the purpose of our work 
could be best fulfilled if an accurate recital of the experiments and 
data on experimental lung edema were chronologically arranged The 
interjection of personal opinion and jnterpretation, therefore, is 
resented until after the recital of the data 

In a study of the papers which might give information concennng 
the cause of pulmonary edema, it was found that the results could be 
grouped m the following order (1) Lung edema occurring as an 
incident in an experiment, (2) lung edema produced for study, (3) 
lung edema recognized as a feature in an experiment, but its immediate 
cause overlooked or neglected For this review, the second group is, 
of course, the most instructive and most deserving of attention, while 
the other two groups are suggestne 

HISTORICAL REVIEW 

Virchow,^ in 1853, produced pulmonary edema by injecting fat 
into a jugular vein The mechanism was not investigated 

Pokrowsky,^ while studying carbon monoxid poisoning in cats, 
dogs, rabbits and frogs, occasionally obtained lung edema He was 
confirmed by Friedlander and Herter^ 

Falk^ studied the effect of gases and poisons on the glottis pri- 
marily He was interested in the occurrence of spasm, and observed 
lung edema in mammals during chlorin gas poisoning 

*From the Department of Physiology, Umversit}’’ of Wisconsin Medical 
School 

The data in this paper were prepared originally for the Chemical Warfare 
Service as confidential matter m furthering the study of toxic war gases 
Permission to publish has been granted 

1 Virchow Virchows Arch 5 308, 1853 

2 Pokrowsky Carbon Monoxid Poisoning, Virchows Arch 30 525, 1864 

3 Pokrowsky Friedlander and Herter Carbon Dioxid Rich Atmosphere 
to Rabbits Get Various Grades of Pulmonary Edema, Cohnheim’s Allg Path , 
Ed 2, 1 502, 2 273, 1882 

4 Falk Spasmus glottidis bei geualtsamen Todesarten, Viertelj gericht 
med 16 6, 1872 
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Fnedlander^ ligated the ascending aorta proximal to the innominate 
artery in the rabbit The animal died in a short time and postmortem 
examination showed lung edema 

Longet® (from Chemeiy) noted the occurrence of lung edema after 
\ agal section (See also \ on Frey ') 

Schweninger® noted that fat emboli led to acute lung edema This 
was confirmator}' of Virchow’s w ork 

Lassar” studied the effects of acid vapors nitnc, sulphuric and 
h}drochlonc, and of lodin on dogs and rabbits The \apors rarely 
induced a bronchitis or a bronchopneumonia when suffiaent air was 
mixed witli them In a few instances, lung edema occurred after 
asph}rxia He noted the nonappearance of acids in the urme, and 
stated that either the acids do not diffuse through the aheolar walls 
or tliey are precipitated higher up in the respirator}' passages, in 
whicli case they ma} unite with the lung epithelium before tliey can 
get through Their danger lies in die fact tliat they lower the oxygen 
percentage of tlie inspired air, producmg asph}'xial s}Tnptoms 

Cohnlieim and Liclitheim morphmized or curanzed dogs and 
rabbits, and then injected enormous quantities (from 64 to 92 per 
cent of the body weight) of a 0 6 per cent solution of sodium chlond 
at body temperature intrai enously In several cases exitus occurred 
in a few hours wuth simiptoms of acute pulmonar}* edema The dogs 
had a decreased dr}' weight of the blood Artenal pressure was 
increased temporarily or not at all. W’hile the venous pressure rose 
slightly or not at all, but never came back to zero if it did rise The 
pulse frequency was not increased There w'as an increased velocit}' 
in the blood stream, and an increased lymphatic flow There w'as a 
marked outpouring of fluid in the glandular organs although none in 
tlie skin, central nen'ous system, or tlioracic cavity The blood count 
was uniform in the portal, jugular and femoral vessels They say that 
venous stasis is not responsible for the edema They also injected dis- 
tilled water a 3 per cent glucose solution \arious salt solutions and 
diluted blood serum, and obtained similar results IMerely replacing 
the blood was negatne Their view^ is that the capillaries vary' in 
permeabilit}' and they felt that this w’as pro^en by obtaining skin 
edema m these animals after wounding the skin or painting it with 

iodin or exposing the shaA ed abdomen to the sun s ravs 

_ • 

5 Fnedlander Untersiichungen uber die Limgenentzuendung Berlin 1873 

6 Longet Phisiologie, Ed 3 2 507 1873 (see aiemer>) 

7 Von Frej ' Die Pathologischen Lnngen-Veranderangen nach Lahmuno- 

der nem ^agl Leipzig, 1877 “ 

8 Sdiweninger Aertzhches Intellig Blatt 1876 

9 Lassar, O Ueber irrespirable Case Ztschr f Plnsik Chem 1.165 1877 
10 Cohnheim and Lichtheim Leber Hjdraniie Virchoiis Arch 69.106 1877 
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Welch/^ m the fi^st extensive leseaich on pulmonary edema per se, 
raised issues which challenged the attention of many workers He 
revieii s the causes of pulmonary edema postulated by others, such as 
increased heart activity, direct irritants, collateral hyperemia, thinning 
of the alveolar air, effect of cold drinks, inflammatory conditions, 
stasis — pulmonary vein obstruction or weakened heart action with both 
chambers equally weak He says that the mechanical factors have not 
been exhausted, and that a Stasis edema is possible by the production 
of obstructions in the lung veins, left auricle, left ventricle and aorta 
He produced lung edema in dogs and rabbits, more easily in the latter 
Tying the aortic arch between the innominate and left subclavian 
arteries produced lung edema in only one rabbit, while tying two 
additional branches of the innominate artery resulted every time m 
lung edema accompanied by asphyxial phenomena It requires almost 
complete occlusion of the aorta between the heart and the innominate 
artery to get an edema Lung edema occurred when the pulmonary 
artery pressure rose The carotid pressure usually rose The stasis 
occurs because more blood goes to the heart than comes away, and 
the stasis is not due to weakness of the right ventricle These methods, 
however, he says, are not applicable to human cases, nor are they 
comparable to what occurs in the human being Ligation of pulmonary 
veins must be extensive before edema occurs, while pulmonary artery 
pressure rises slightly until the onset Welch emphasized the fact 
that marked pressure on the left auricle and left ventricle produced 
lung edema in the rabbit The microscopic picture resembles that 
found in man Welch postulated a disproportion between the working 
power of the ventricles with the left less efficient than the right He 
attempted to produce a onesided cardiac paralysis by the use of 
potassium, lodin, salts, carbon monoxid and strychnin internally, while 
potassium salts, chloroform, ice and heat were applied externally At 
last, he succeeded in producing such a paralysis by squeezing the left 
ventricle of rabbits with his fingers He never obtained edema by 
pressure on the right ventricle alone, or by pressure on the right and 
left ventricles He believes that the increased capillary pressure m 
the lung vessels is added on to the greater permeability of the lung 
capillanes Too much emphasis should not be laid on the fact that the 
pulse IS weak in some human cases Microscopic section showed dis- 
tended capillaries filled with red blood corpuscles Red blood cells 
were also found in the interstitial tissue 

Rosenbach,^^ while studying artificially produced valvular insuffi- 
ciency, obtained pulmonary edema in two cases His postmortem 

11 Welch Zur Pathologie des Lungenodems, Virchows Arch 72 37S, 1878 

12 Rosenhach, O Ueber Artifizielle Herzklappenfehler, Arch f Exp Path 
u Pharm 9 1, 1878 
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examination findings inclined him to accept Welch s view of unequal 
activity of the ventricles 

Lichtheim^® produced pulmonary edema in rabbits by ligation of 
the artery and veins at the lulus This occurred when the ligation 
was done unequally, by which he meant that the inflow had not ceased 
while the \enous outflow had These lungs had the same appearance 
as in those experiments in which only the pulmonary veins were tied 

Mayer“ confirmed Welch’s findings Ligation of the innominate 
and left subclavian arteries in noncuranzed animals leads in most cases 
to marked edema with strong convulsions In curarized animals no 
such results follow He quotes Kussmaul and Teuner who produced 
pulmonary edema by ligating the arteries going to the head as indi- 
cating the importance of asphyxia as a cause of edema Mayer 
obtained some results by ligating four mam aortic branches He 
believes that the variation m intensity of edema is due to (1) increased 
vascular tension, (2) vessel tonus, and (3) the milking effect of the 
right ventricle, and that these factors are especially present when 
asphyxial convulsions occur Opening the abdomen and combining 
vessel ligation with the production of a double pneumothorax, so as 
to eliminate the mechanical effects of convulsions, prevented the 
occurrence of edema 

Sahlfl^ endeavored to repeat Welch’s results, but failed in most 
cases In some cases, ligation of the aorta and pressure on the left 
auricle produced a rise in pulmonary artery pressure, followed by a 
lung edema in dogs and rabbits He says, however, that such methods 
are crude and not applicable to human conditions He minimizes con- 
vulsive factors on the basis of stiychnin experiments in which he got 
high lung artery pressures Even when the pulmonary artery pressure 
IS high and the carotid pressure is low, no edema need result 
Cohnheim, in 1876, showed that marked changes in the systemic cir- 
culation have little effect on the pulmonar^^ circulation A paralysis 
of the left ventricle need not produce lung edema in dogs Pressure, 
clamping, isolated faradization, narrowing of coronary vessels and 
injection of cardiac poisons were all negative In man, he reiterates, 
lung edema is possible where both ventncles are zveak, as in a case of 
combined aortic and mitral insufficiency Then, again, a majority of 
the dung edemas in man are of inflammatory origin in the lung itself 
His experiments with hydrocyanic acid were negative 

13 Lichtheim Versuche uber Lungenatelektase, Arch f Exo Path n 
Pharm 10 71, 1879 ^ 



15 Sahli Zur Pathologic und Therapie des Lungenoderas, Arch f 
Path u Pharm 19 433, 1885 ^ 
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Martin,^® perfusing the mammalian heart with defibrmated blood, 
notes the frequent, unfortunate interruption of the experiments by 
the onset of lung edema He was primarily interested m the activity 
of the heart itself 

Tigerstedt and Santesson^^ filled freshly removed frog’s lungs with 
0 6 per cent sodium chlond solution and found that they withstood a 
pressure of 14 mm Hg for several hours, whereas, if the lungs were 
injured by heat, or by pouring into them distilled water or frog’s bile, 
filtration is obtained at once 

Lehmann^® obtained lung edema by exposing cats, rabbits and 
guinea-pigs to hydrochloric acid and ammonia vapors He includes a 
microscopic description of the lungs Lehmann probably deserves 
credit for his prophetic insistence that poisonous (irrespirable) gases 
deserve and require intensive expenmental study with the develop- 
ment of proper technic He quotes and criticizes Eulenberg,^® Lewin^° 
and Hirt The work of Hirt is discredited by him, even though Hirt 
was widely quoted as an authority at the time Eulenberg studied a 
number of irritating gases somewhat superficially, he says, and with- 
out proper attention to oxygen supply and carbon dioxid removal 
Lewm IS at fault because he uses Hirt’s data Lehmann experimented 
with a gas mask in a gas-filled room His experimental method pro- 
vided oxygen supply and carbon dioxid removal by means of a modi- 
fied Pettenkofer-Voit respiration chamber It may here be stated, 
that many of his reports on gas effects state the mere fact that a lung 
edema occurred, but there is little attempt to study the sequence of 
symptoms, their interrelation, significance and cause singly 

Pettenkofer^® reported* the studies on irrespirable gases of his 
pupils (Gruber, Ogata, Lehmann, Nakahama and Mon) to the Munich 
Academy of Scientists He emphasized Lehmann’s results on guinea- 
pigs, cats, rabbits and man Lung edema appeared with toxic doses of 
hydrochloric acid, ammonia, chlorm, bromin, hydrogen sulphid, carbon 
disulphid and anilin Nitrobenzol was negative The toxicity of all 

16 Martin A New Method of Studying the Atammalian Heart, Studies from 
Biological Laboratory, Johns Hopkins University 2 118, 1882 

17 Tigerstedt and Santesson Bignang till K Svensk Vet Akad 11 
No 2, 1886 

18 Lehmann, K B Expenmentelle Studien uber den Einfluss technisch 
und hygienisch wichtiger Case und Dampfe auf den Organismus (Aramomak 
und Salzsauregas), Arch f Hygiene 5 1, 1886 

19 Eulenberg ' Die Lehre von den Scliaedlichen und giftigen Gasen, 
Braunschweiz, 1865 , Gewerbe Hygiene, Berlin, 1876 See Reference 18 

20 Lewin Lehrbuch der Toxicologie See Reference 18 

21 Hirt Die Gasinhalations Krankheiten, Breslau, 1873 See Reference 18 
Pettenkofer Ueber Gesundheitschadlichkeit mehrerer hygienisch u 

technisch wichtiger Gase und Dampfe, Sitz berichte d k bayer Akad d 
Wissensch zu Munchen 17 179, 1887 
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the substances was determined Hydrochloric acid was toxic to mam- 
mals in 1 10,000, a figure markedly different from those previously 
reported Chlorin poisoning was followed by a narcotic effect 

Grossmann-® noted the appearance of lung edema following mus- 
carm injection Curanzed dogs were used Lung capacity, venous, 
carotid, pulmonary artery and left auncle pressures were recorded 
He gives credit to von Basch for obsemng this type of edema first 
After muscann injection he claimed that there was a rise in venous 
pressure, nght auricle pressure and left auricle pressure, and a fall 
m aortic pressure Atropin administration and accelerator stimula- 
tion was followed by a disappearance of the muscann induced lung 
edema The blood flows slowly through the lung capillaries and under 
a high pressure Section of the splanchmcs or cervical cord did not 
prevent lung edema occasioned by muscann Strychnin was ineffective 
Decreasing the amount of blood from tlie right ventricle prevented the 
appearance of the edema Intravenous (jugular) injection of physi- 
ologic sodium chlond solution caused signs of edema to disappear 
Muscann produced a decrease in the size of the left ventricle, and an 
increase in size of the right ventricle Vagal stimulation dilated both 
ventricles Muscann probably produces a spasm of the left ventricle 
Grossmann obtained stasis edema m eighty-five dogs with intact 
cardiac valves and strong pulses 

Grossmann, von Zeissl (vide infra) and Winkler (vide infra) are 
pupils Pf von Basch who claimed that (a) increased lung volume and 
(b) diminished expansibility of the lungs followed after increased 
filling of the lung vessels They used special apparatus to record lung 
volume changes The von Basch theory, if not discredited, at least is 
not accepted at present His pupils go a step further in postulating 
the occurrence of lung edema if (a) and (b) persisted as shown m 
their tracing without verification very often of the presence of an 
edema by direct examination of the tissues 

Sahli,=® in a polemic against Grossmann, reiterates his criticism of 
Welch as the proponent of the left ventricle weakness theory of lung 
edema which Grossmann supports, in the mam He states also that 
spasm of the left ventricle and low blood pressure should be accom- 
panied by signs of arterial anemia Of course, clinically they are not 
, Therefore, Grossmann’s low blood pressure data and other factors are 
at variance with clinical facts The von Basch theory is completely 
thrown out of court Sahli says that he obtained high pulmonary 

23 Grossmann A Studj of Acute General Lung Edema i^Iuscarm lune 
edema, Ztschr f klin Med 12 559 1887 ^ 

^ Expenmentellen Pathologic und Pharmakologie 2 
25 Sahh Pathologic Lung Edema, Ztschr f klin !Med 13 482, 1888 
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artery pressures for hours and still got no edema, therefore he doubts 
whether Grossmann could get any edema during a short period of 
high pressure 

Grossmann^® describes the microscopic and gross changes in the 
lungs of cases of muscarin edema The carotid pressure served as an 
index of what was occurring in the pulmonary artery He dilates 
further on the von Basch theory that a more than normal filling of the 
blood vessels is followed by an increase in the alveolar space He does 
not believe that muscarin narrows the bronchioles The intrapulmonic 
air space decreases before there is cardiac slowing, then it increases 
With carotid bleeding, the diminished expansibility of the lungs is 
reduced In one series he put physiologic sodium chlorid solution into 
the trachea, as much as 600 c c in one experiment, without changing 
the lung capacity He answers Sahli by saying that lung edema can 
be produced in dogs by compression of the left ventricles 

Grossmann^^ later returned to the von Basch theory with a study 
of obturation of the right auricle and left ventricle 

Lowit^® criticizes Grossmann for postulating pulmonary artery 
pressure from carotid pressure when neither Knoll nor Lowit find 
constant effects in the pulmonary artery pressure by asphyxiation or 
aortic compression Cats and rabbits were used after receiving hirudin 
Marked compression of the aorta can produce simultaneous pressure 
rises in the pulmonary artery or m the left ventricle, or in one alone, 
or no rise at all Therefore, the condition of the pulmonary artery 
pressure cannot be postulated from an examination of the left auricle 
pressure He criticizes Grossmann’s method of diagnosing lung edema 
The best test is the transudate Compression of the aortic root also 
produces varying results Narrowing the tricuspid lumen to one third 
of the original opening hinders the outflow of blood to the right heart, 
resulting in a fall in pulmonary artery pressure A large amount of 
blood can be accommodated by the pulmonary circuit without pro- 
ducing edema Salt injection in the jugular, plus aortic root clamping, 
always resulted in lung edema With an obstructed outflow of pul- 
monary blood, and an increased inflow of pulmonary blood lasting for 
some time, a stasis edema, results in curanzed or noncurarized animal, 
although sooner in the latter He agrees with Mayer as to the impor- 
tance of accessory factors Marked compression of the left ventricle 
resulted in edema only when the pulmonary artery pressure rose, 

26 Grossmann Acute General Edema, Ztschr f klin Med 16 161, 183, 
270, 310, 1889 

27 Grossmann Lungenschwelling u Lungenstarrheit, Ztschr f klin Med 
20 397, 1892 

28 Lowit Ueter die Entstehung des Lungenodems, Beitr z Path anat u 
z allg Path 14 401, 1893 
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therefore, he disclaims left ventricle weakening as the cause He 
maintains that W elch obtained his edema following asphyxia He has 
often noted no volume increase in lungs with edema, and often marked 
volume increase in lungs after niuscarm with no lung edema Double 
vagotomy results in inflammatory edema after from one to two hours, 
because Knoll showed that vagotomy produces no change in the small 
circulation The pressure changes are negative 

Toxic lung edema was next considered by him His studies with 
muscarm led to different results than Grossmann’s The pulmonary 
artery pressure rises, while the left auricle pressure rise is only tem- 
porary and coincident with the cardiac slowing Lowit never got a 
lung edema with muscarm Intravenous injection of acetic ether pro- 
duced lung edema and transudation in other parts of the body Lowit 
postulates vascular wall changes Sulphuric and butyric ether act 
similarly These types resemble the following in man ( 1 ) Acute gen- 
eral edema, (2) inflammatory, (3) agonal, and (4) direct irritants of 
the lungs Lung edema can be produced experimentally by excessive 
artificial ventilation This is not accompanied by any pressure changes 
as a rule, therefore, it is not of stasis origin Von Kahldeen (1895) 
abstracted his aiticle 

Alexandrow,^® m the main, confirms Welch, but in addition intro- 
duces nerve section and infusion experiments Vagotomy is followed 
by edema Lung capacity is lessened when there is blood stasis in the 
lung vessels Artificial respiration delays the onset of lung edema 
Section of recurrent nerves and accessories, or section plus hindrance 
to ingoing air is followed by lung edema He worked with dogs, cats 
and rabbits 

Von ZeissP® produced lung edema in dogs by intravenous injec- 
tions of lodin solution He follows von Basch in his interpretations, 
and gets practically the same changes as Grossmann does with mus- 
carin In one experiment the lung edema was accompanied by a fall 
in the left auricle pressure Morphinized and nonmorphinized animals 
were used with thorax both intact and open 

Jacobj discusses the technic of perfusing suiviving lungs while 
under artificial respiration The onset of edema is earlier the more 
dilute the blood is made In these isolated lungs, with edema present, 
he hypothecates a disturbance of the gas exchange mechanism 


29 Alexandrow Ueber Die Entstehungsweise dcs Stauungsodems in den 
Lungen, Diss Moskau, 1892, Abstr Ccntralbl f allg Path it path Anat 4, 
691 1893 

30 Zeissl Ueber Toxisches Lungenodem, Ccntralbl f Physiol 7 702 1893 

Ztschr f klin Med 27 363, 1895 > 

31 Jacob], C Ein Beitrag zur Technik der Kunsthchen Durchblutung 
nbcrlebender Organe, -Xrch f Exp Path u Pharm 36 530, 1895 
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Grossmann®^ returns to the further elucidation of the von Basch 
}dea He claims that pulmonary artery pressure and left auricle pres- 
sure need not be registered simultaneously Obturation of the left 
auricle produces a fall in carotid and venous pressures, accompanied 
by a marked rise in pulmonary artery pressure The fall in venous 
pressure is interpreted as being due to the diminished amount of blood 
coming to the right heart In this set of experiments Grossmann 
postulates that swelling of the lungs and their diminished expansibility 
IS an invariable accompaniment of increased lung artery pressure, on 
the basis of his previous experiments Compression of the root of 
the aorta causes a fall in carotid, and a rise m pulmonary artery and 
left auricle pressures Fluid injected into a pulmonary vein produces 
the same result In a polemic against Lowit, he believes that Lowit 
had clots in the blood vessels in spite of using leech extract, and that 
Lowit included the pulmonary artery often on aortic compression 
He states, again, that the left auricular pressure rise is not directly 
related to the muscarin heart slowing This rise is caused by the left 
ventricle spasm, and is followed by stasis hyperemia, which, m turn, 
are succeeded by lung swelling and diminished expansibility 

Lowit®® answered Grossmann’s critique 

Benedicenti®* reported the occurrence of lung edema m mammals 
following inhalation of 25 to 30 per cent carbon dioxid 

Winkler,®® in administering amyl nitrite to curarized and morphin- 
ized animals, obtained lung edema with the typical carotid fall by 
nitrites He is a pupil of von Basch, and used Grossmann’s methods 
Tigerstedt®® cited the work of Bradford and Dean that a carotid pres- 
sure fall IS accompanied by a pulmonary artery pressure rise Tiger- 
stedt states that amyl nitrite weakens the left heart 

Kockel®’^ incorporates Weltzel’s data with his own on the effect of 
nitric and nitrous acids on man and animal (rabbits, mice, guinea- 
pigs) He cites Bauer®® as having the same results After gassing, 
there is a period of relatively good health before untoward symptoms 

32 Grossmann Stauungshyperamie in den Lungen, Ztschr f kim Med 
27 ISI, 1895 

33 Lowit Polemic vs Grossmann, Centralbl f allg Path u path Anat 
6 97, 1895 

34 Benedicenti Die Wirkung der Kohlensaure auf die Atmung, Dubois 
Arch, 1896 

35 Winkler Neue beitrage zur Kentmss des Amylnitnts, Ztschr f khn 
Med 35 213, 1898 

36 Tigerstedt Ergebn d Physiol 2 581, 1903 

37 Kockel Ueber das Verhalten des menschlichen und thienschen Organ- 
ismus gegen die Dampfe der Salpetrigen und Untersalpetersaure, Viertlj f 
gericht Med 15 1, 1898 

38 Bauer Festschrift zur Feier der 50 Conf des Verems d Medicinalbe- 
amten d Kg -Bez , Dusseldorf, 1895 
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occur Lung edema and inflammation of the respiratory passages are 
the most prominent symptoms Microscopic sections show multiple 
hyahn thrombi in lung vessels The injured regions become foci for 
bacterial invasion The respiratory epithelium is desquamated The 
heart is weakened and this adds to the initial lung edema The 
decreased gas exchange yields a third factor conducive to the produc- 
tion of edema Death is by asphyxiation There is a direct local 
effect on the lungs 

KunkeP'’ presents a general discussion of “gaseous” poisons, symp- 
toms and pathology, and refers in general terms to his own experi- 
ments He outlines the followmg problem as to the distribution of 
the gas or vapor (1) the part bound to the tissue, (2) the portion 
absorbed, changed or unchanged , (3) the portion resorbed, and (4) 
the amount excreted again via the lungs 

Magnus^® reviews Cohnheim and Lichtheim’s work, confirms it, 
and cites Fleischer, Dembrowski, Dastre and Loye, and Knoll as 
having confirmed it He also reports on his experiments with arsenic 
in producing pulmonary edema 

Fouineau’s thesis^’- contains no original experimental work 

Carrion and Hallion^- injected salt solutions of various concentra- 
tions intra\ enously, and noted the occurrence of acute pulmonary 
edema They give no tracings or records of their experiments 

Cliatin and Gurnard^® record the occurrence of lung edema after 
the injection of methyl salicylate 

Miecamp^^ follows Teissier, his teacher, with emphasis on theory. 
He presents no original work 

Chanoz and Doyon^^' showed lung edema after injecting amylsali- 
cylic ether mtrapentoneally or intravenously Death resulted from 
arrest of respiration There were convulsions 

Winterstein records lung edema and increased mucosal secretions 
in animals after carbon dioxid inhalation 

D’Achard and Loeper confirm Carnon and Halhon 

39 Kunkel Handb d Toxikologie 1 38, 1899 

40 Magnus Die Enstehung der Hautodeme bei experimenteller hydrami- 
scher Plethora, Arch f exper Path u Pharmakol 40 252, 1899 

41 Fouineau De Toedenia aigu du poumon. These, Pans, 1898 

42 Carrion and Hallion Contributions experimentale a la pathologenie des 
oedemes, Compt rend de la Soc de Biol 51 156, 1899 

43 Qiatin and Gurnard Recherches pharmacodynamiques sur le salicylate 
de methyle. Ibid, 52*669, 1900 

44 Miecamp Pathogenic de I’oedeme aigue du poumon. These, Lyon, 1900 

45 Chanoz and Doyon Compt rend Soc de Biol 52 716, 1900 

46 Winterstein Engelmann's Arch , Suppl , 1900 

D Achard and Loeper Sur la retention des chlorures dans les tissus au 
cours de certains etats morbides, Compt rend Soc de Biol 53:346. 1901 
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Teissier and Gurnard used methyl salicylate to produce edema 
After curanzation, artificial respiration was instituted following 
tracheotomy A window in the left thorax permitted them to get the 
pulmonary artery pressure Compression of the aorta was negative, 
except for a temporary nse in pulmonary pressure and a fall in 
carotid pressure Injection of methyl salicylate produced no effect 
or only a slight rise in the pulmonary artery pressure Stimulation of 
vagi, plus the drug, produced lung edema, but edema was not marked 
when the heart was irregular They also recorded left auricular 
pressure There is no need, they say, to produce a rise in the latter 
pressure in order to get lung edema The left auricle pressure does 
not change at all after the drug is injected, while the carotid pressure 
gradually falls They propose a mixed theory First, mechanical 
difficulties are of themselves insufficient, second, nervous effects, such 
as vasodilation, plus the first, facilitate an occurrence of lung edema, 
but third, an intoxication is necessary to produce an edema 

Bouchard and Claude^® confirm Josue'^“ (not known to me) on the 
production of lung edema after intravenous epinephrin injections in 
rabbits They performed six experiments, and show no records of 
pressure changes 

Berge®^ noted repeated pulmonary edema crises following subcu- 
taneous injection of physiologic sodium chlorid solution in an arterio- 
sclerotic individual who was afflicted with Bright’s disease and an 
aortic insufficiency There was no cutaneous edema at any time 
Death occurred some time later in uremic coma with Cheyne-Stokes 
respiration 

Hamburger,®^ took the ascitic fluid from a patient, aged 9 years, 
and injected it into a calf There was a marked increase in the lymph 
flow On heating the fluid two hours at 56 C this lymphagogic action 
was destroyed The micrococci isolated from the fluid also had a 
lymphagogic action Fluid flowed from the nose of the calf, and there 
was an hydropic swelling of the interstitial tissue of the lung He 
cites the presence of lymphagogues in cases of cardiac dropsy (Lepine), 
inflammatory hydrops (Talma), uremics (Starling), and in chronic 
hemorrhagic nephritics with edema His view is that with hindrance 
of outflow of blood certain products accumulate in the capillaries and 

48 Teissier and Gurnard Nouvelles recherches experiment sur la pathogen 
de I’oedeme aigu du poumon , J de Physiol et de path gener 3 42, 1901 

49 Bouchard and Claude Recherches exp sur I’adrenahne, Compt rend 
de seances de I’Acad D S 135 928, 1902 

50 Josue Not located 

51 Berge Oedeme pulmonaire provoque par I’lnjection souscutanee de 
serum artificiel. Bull et Mem de la Soc med d hop de Par, 3d Series 
20 1349, 1903 

52 Hamburger Osmotischer Druck und lonenlehre 2 67, 1904 
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stimulate the capillary endothelium to greater lymph production He 
speaks of autogenous lymphagogues The vessel walls may also have 
an increased permeability 

Meltzer°® observed pulmonary edema in rabbits after a large dose 
of epinephnn The left ventricle cannot force out all of its blood 
because the systemic vessels are constricted The right ventricle, 
stimulated by the epinephnn, unloads with increased energy the blood 
which the contracting vessels drove into it The combination produces 
lung edema 

Welch,*^^ at Meltzer’s request, restates his views on lung edema, 
twenty-five years after his onginal contnbution Welch reiterates that 
lung edema occurs following a passive hyperemia, and that the impor- 
tant factor IS passive congestion in the pulmonary artery This is 
obtained by producing “a disproportion between the working power 
of the left ventricle and of the right ventricle of such a character that, 
the resistance remaining the same, the left heart is unable to expel in 
a unit of time the same quantity of blood as the right heart ” He 
maintains that Mayer, Grossmann and Lowit have confirmed his work 
A weak pulse is not necessary The relation between the forces of 
each ventricle is the essential thing An edematous lung can be pale 
Osmotic pressure, alterations in capillary endothelium and interference 
with lymph absorption are conceivably not sufficient factors alone to 
be primary causes of acute general edema of the lungs He agrees 
with Sahh in that "a larger number of cases of pulmonary edema are 
referable to inflammatory changes m the vascular walls than is gen- 
erally supposed ” His opinion is based on systematic bactenologic 
examinations at the Johns Hopkins Hospital necropsies 

Sahli,®^ also at Meltzer’s request, still states that Welch’s theory is 
untenable, and underscores the inflammatory type as the mam one met 
m practice 

Jores®® produced lung edema m four minutes m one lobe of a dog’s 
lung by letting that lobe inhale carbonic acid through a tube The 
localized effect rules out circulatory disturbance due to the heart He 
quotes Mares as saying that the edema is not due to the acid but to 
the mechanical asphyxia which disturbs the vessel walls A tube with- 
out gas m it produces the same effect If a large tube is used no edema 
results It IS easy to obtain edema, a localized edema, if a tube is 
inserted into a bronchiole Reflex respiratory standstills or ballooning 
a bronchus were negative Jores concludes that the presence of an 

53 Meltzer Edema, Am Aled 8 195, 1904 

54 Welch See Ref 11, also Ref 53 

55 Salih See Ref 15, also Ref 53 

56 Jores Ueber expenmentelles, neurotisches Lungenodem Deutsch Arch 
f klin Med 87 389, 1906 
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irritating foreign body to the mucous membrane of the smaller bron- 
chioles IS the cause of a sharply localized lung edema m a very short 
time It IS not a stasis edema, nor is it toxic or infectious, therefore 
it must be of neuropathic origin He stimulated the external surface 
of the lung faradically for ten minutes The rabbit remained quiet 
Edema followed Similar results were obtained with dogs He 
believes that the electrical stimulation produces a local vasodilation 
With the same technic, including section of the right vagus, done three 
weeks before the experiment, an edema was obtained Section of the 
sympathetics and right vagus was attempted, but the animals died of 
pneumonia in five days He concludes that disturbance of the gas 
exchange per second has no influence on the origin of lung edema 

Heinz,®^ in a general discussion of lung edema, notes its occurrence 
especially with cardiac poisons The type found is an acute, general, 
pulmonary edema He directs attention to the fact that lung edema 
may easily be simulated by excess secretion of the bronchotracheal 
system Therefore, one must be cautious when making a diagnosis 
by a transudate emanating either from a tracheotomy opening or the 
mouth He found that perfusion of a heart-lung preparation (rabbit) 
with a solution containing three parts Ringer’s solution and one part 
blood usually resulted m acute, general edema in thirty minutes 
Heinz also produced an epinephnn pulmonary edema In gassing with 
chlonn, bromin, ammonia, hydrochloric acid, hydrobromic acid, hydro- 
fluoric acid and nitric acid there is a preliminary expiratory standstill 

Josue and Bloch,®® showed lung edema in rabbits after intravenous 
injections of epinephnn They were confirmed by Bouchard and 
Claude 

Chemery®® reviewed the subject of lung edema in his thesis, but 
presented no original experiments He favors a mixed theory of lung 
edema causation, first, hypertension, second, chlonn retention and 
third, a nervous element 

Emerson®® gave epinephnn intravenously to cats This produced 
left ventricular dilatation, which is accompanied by mitral regurgita- 
tion This in turn leads to acute congestion of the lungs, dilatation 
and failure of the right heart Stagnation m the small circulation 
produces edema Artificial respiration in an advanced stage of edema 
is of benefit 

57 Heinz Handb d exper Path u Pharmakol 2 525, 1906 
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Miller, and Matthews®^ studied the effects of nitric oxid, ammonia, 
illuminating gas, epinephrin and hydrocyanic acid They also pro- 
duced artificial mitral stenosis Dogs and rabbits were given ether 
under artificial respiration Carotid and pulmonary artery pressures 
were taken Edema was obtained with nitric oxid Both pressures 
fell Irritation of the epithelium or underlying vessels is the impor- 
tant factor Ammonia vapor produced the same results as nitric oxid 
Carbon monoxid produced no pulmonary edema A slight fall in 
carotid pressure was accompanied by a slight rise or stationary pul- 
monary artery pressure No edema was obtained with hydrocyanic 
acid The lung artery pressure was unchanged or lowered gradually 
Lugol’s solution produced a temporary rise in the carotid, then a fall, 
while the pulmonary artery pressure rose The right heart was dilated, 
while the left heart was unchanged Edema was produced They 
confirm Lowit’s observation that acetic ether, given intravenously, 
results in pulmonary edema m dogs This substance produces a tem- 
porary fall in the carotid pressure The right heart is dilated, while 
the left heart never is dilated A marked bradycardia precedes cardiac 
standstill A small dose always gave a decided rise m the pulmonary 
artery pressure, while a large dose occasionally was negative on the 
latter pressure, although edema was present They say a rise in the 
latter pressure occurs after the edema appears They call attention to 
Silbermann’s work°^^ that capillary thrombosis may readily be induced 
by toxic agents, and that the lung capillaries, because of small caliber 
and low blood pressure may be especially prone to thrombosis, which 
may be responsible for the rise in the pressure of the lung artery 
Intravenous injections of epinephrin were negative unless the thoracic 
aorta was ligated Then a marked pulmonary edema followed Stasis 
results because the left ventricle is unable to empty itself completely 
If a marked mitral stenosis is produced, an edema follows Acetic 
ether edema is usually associated with evidence of disproportion 
between the two sides of the heart, but they feel that the mechanical 
factors are not responsible for the edema 

Bokarius°2 reviews the subject briefly, and supports Welch on the 
basis of pathologic diagnoses in selected clinical cases out of 1,200 
submitted He chose clearly cut cases of lung edema with cardiac 
weakness but not valvular disease or lung changes other than the 
edema 


61 Miller and Matthews A Study of the Mechanical Factors in Experi- 
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Knowlton and Starling,®® m revising the technic of the isolated 
mammalian heart-lung preparation method, eliminate the mercury 
because enough of it is taken up by the perfusion fluid to have a 
deleterious effect The lung capillaries suffer first, and after a some- 
what variable period pulmonary edema usually terminates the experi- 
ment With this defect corrected, they noted that when the point of 
maximum cardiac output is reached the venous pressure rises rapidly, 
and that if it is maintained pulmonary edema always appears 

Klemensiewicz®^ noted that with fresh serum no edema occurs in 
the isolated heart-lung preparation If old serum, or too dilute serum, 
or isotonic solutions are used, then lung edema occurs easily, whether 
the lungs are artificially respired or not Ligation of vessels at the 
hilus injures the vessels, and on release of the ligature edema sets in 
regularly (rabbit) 

Kotowschtschikow®® reviews lung edema in a very able manner 
He performed about seventy-seven experiments on dogs They were 
given morphm and chloroform If an open thorax operation was per- 
formed, curare was given He obturated the heart chambers , infused , 
ligated the aorta , and sent emboli into the lung capillaries Obturation 
of the left auricle was the most successful procedure in producing 
edema The pulmonary artery pressure rose, the carotid pressure fell, 
the pulse remained about constant, while the nght ventricular pressure 
rose markedly A lycopodium seed suspension as emboli produced 
edema in two experiments A marked hydremia usually produced 
edema Hindrance of pulmonary outflow is essential Silver nitrate 
was given in thirty-six experiments Thirty-four of the animals 
showed lung edema These could be divided into two groups First, 
those in which mechanical factors helped produce stasis , second, those 
in which no such factors appeared In most cases, the right ventricular 
pressure rose, the left auricular and aortic pressures fell There was 
usually asynergy of^the cardiac chambers, with the left heart weaker 
Ether injection produced lung edema No mechanical changes 
appeared, therefore vessel wall injury is hypothecated by the author 
Methyl salicylate produced lung edema in each of six experiments 
The right ventricular pressure can be high but need not be There is 
no change in the carotid pressure Muscarin produced no changes 
Lugol’s solution was used, but the author does not draw any conclu- 
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sions from a few experiments He attempted to confirm Jores, but 
was unable to do so He believes that the most common cause of lung 
edema is a toxic one, and that less often mechanical factors are 
operative In tlie latter cases the pulmonary artery pressure is higher, 
the right ventricle works better and the systemic blood pressure is 
lower The mechanism of toxic edema experimentally induced may be 
increased permeability of the lung capillary walls, or capillary throm- 
bosis 

BiedP® notes that an intravenous lethal dose of epinephrin causes 
a lung edema m rabbits which is a stasis edema 

Kraus®" performed his experiments on intact rabbits and on cats 
with open thorax The latter had their lung volume, pulmonary artery, 
venous and carotid pressures recorded Urethane was given, but no 
morphin The roentgen ray shows a larger heart after salt is injected 
intravenousl)^ in rabbits The carotid pressure rises, the lung volume 
increases, then decreases A second injection produces no increase in 
the size of the heart Injection of salt solution plus double vagotomy 
produced an acute pulmonary edema immediately This occurs in 
cats and rabbits, whether the thorax is open or not Epinephrin aids 
the onset His electrocardiographic findings are recorded elsewhere, 
he says, in a journal not stated He interprets the roentgenograms as 
showing a diminished air capacity and hyperemia in the edematous 
lungs 

Evans and Starling®^ used a method in their isolated heart-lung 
preparations which diminished the tendency for pulmonary edema 
occurring so often After some hours there is ahvays more or less 
edema Fulmer and Starling,®® using the same method, showed that 
with a rise in venous pressure, the heart volume increases, and there 
IS a rise in the lung artery, left auricle and aortic pressures On the 
other hand, the venous pressure shows only small differences dunng 
wide alterations in the aortic pressure If the left ventricle fails, and 
the right heart beats strongly, then the pulmonary pressure nses 
Patterson and Starling^® state that accumulation of blood in the right 
heart, with fair response of the latter, may cause pulmonary edema 
Maximum cardiac efficiency, persisted in too long, tends to give rise 
to pulmonary- edema Patterson, Piper and Starling"^ conclude that 
within wide limits cardiac output is determined by and equal to the 
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inflow into the right auricle A heart weighing 50 gm puts out as 
much blood as it receives, whether this be 200 c c or 2,000 c c per 
minute 

Weber'2 criticizes Grossmann’s data obtained with muscarin 
Weber studied experimental asthma and innervation of the bronchial 
muscles No mention is made of edema onset in his experimental 
lungs 

Magnus, Sorgdrager and Storm van Leeuwen^^ return to Magnus’ 
problem of 1902, concerning the impermeability of the alveolar epi- 
thelium to ammonia gas Hober, 1912, showed the appearance of 
ammonium hydroxid in the lungs, after ammonia was put into the 
pulmonary artery, and when pulmonary edema was present Magnus’^^ 
never obtained lung edema when ammonia was put into the circulation 
Magnus et al repeated and confirmed Magnus’ 1902 experiments 
They showed that with ammonia inhalation the greatest absorption and 
injury takes place via the tracheal and bronchial mucous membranes, 
and that the alveolar epithelium is relatively impermeable in rabbits 
even with ammonia percentages of 5 8 to 8 5 They also used the 
isolated lung preparation (Brodie‘s method) Cats and rabbits were 
ethenzed An arterial pressure of from 35 to 38 mm was maintained 
No lung edema appeared m normal lungs during the duration of the 
experiments — three hours In eleven experiments, from 0015 to 
0017 per cent of ammonia was placed in the blood The drug seeps 
through the pleura but does not appear in the expired air In one 
experiment the lung was kept bloodless a short time, while in another 
chloroform had been administered and fluid appeared in the trachea 
The expired air contained ammonia in both experiments The plethys- 
mograph showed absence of bronchial spasm Five experiments were 
done with increased amounts of ammonia in the blood, from 0 027 to 
0 045 per cent Lung edema followed and ammonia appeared in the 
expired air Therefore, they say, the alveolar epithelium is injured 
With the onset of lung edema, the respiratory excursions become 
smaller and finally stop The normal alveolar epithelium is imperme- 
able to ammonia, while that of the pathologic lung is not McGuigan’s 
paper"® contains references on ammonia absorption by the lungs A 
few of the experiments that he cites seem to have caused pulmonary 
edema 
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Modrakowski'® is the first investigator of experimental lung edema 
per se m surviving mammalian lungs He employed the Brodie 
apparatus More than fifty cat preparations were perfused with 
defibnnated blood or physiologic sodium chlorid solution containing 
from two thirds to three fourths defibnnated blood He postulated the 
presence of edema when the following combination was present a 
transudate in the trachea, no maximal pulmonary expansion, and when 
the lung did not readily collapse He produced an acute lung edema in 
five minutes, and thereupon the experiment was stopped at once In 
his first series, the pulmonary artery pressure was raised above normal, 
and considerably above, while the venous outflow was unhindered 
Edema did not occur in this senes. In the second senes, the lung 
outflow was hindered by raising the pulmonary vein pressure Lung 
edema was produced when the pulmonary artery and pulmonary vein 
pressures were raised high enough Venous stasis alone, with venous 
pressure below 35 mm , is negative Lung edema arises when with a 
pulmonary artery pressure of not less than 35 mm Hg the venous 
outflow IS so obstructed that their difference drops to 8 mm If the 
epithelium or vessel walls are injured, then the permeability of the 
lung tissue becomes greater In a hepatized lung (right lower) with 
the other lobes postpneumonic, edema was produced by only increasing 
the pulmonary artery pressure In this experiment there was no 
venous stasis present Ammonia in the blood produces edema with 
either normal or high pulmonary artery pressure, and when there is 
no obstruction to pulmonary vein outflow 

Staehelm^'^ reported seeing many cases of phosgene poisoning all 
of which showed a general bronchitis and bronchiolitis with lung 
edema Fever was present m all the cases Microscopic examination 
of one case gave the following data — inflammation of bronchi, marked 
desquamation of alveolar epithelium, numerous alveoli filled with fluid, 
and thrombi in many pulmonary arterioles He believes that there 
need be no assumption of bacterial invasion to explain the phosgene 
effects Hydrochloric acid arises from carbonyl chlorid in a moist 
environment, and injures the epithelium 

Roos'® presents five cases of phosgene poisoning, some covering a 
period of six years, with detailed description of signs, diagnosis, treat- 
ment and postmortem examination This report is unique in that a 
real attempt was made to centralize attention on cause and result 
At venesection it was noticed that the blood coagulated very quickly 
Notable observations by Roos are the decreased cardiac energy m all 
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the cases, the lung changes, the heart picture and the negative spectro- 
scopic and chemical examinations of the blood The roentgenogram 
showed cardiac dilatation in two cases Summarizing his data, we have 
acute dilatation, severe cough, after a few hours marked dyspnea, 
nearly asphyxial, albuminuria, stasis polycythemia and a marked 
leukocytosis , pneumonic foci, with desquamation of alveolar epithelium 
and leukocytic infiltration, subpleural petechial hemorrhages, acute 
bronchiolitis , multiple thrombi of lung artenes , increase in the amount 
of fibrin and multiple thrombi m brain, lungs and intestinal vessels 

Kuno'^® studied the dog’s heart-lung preparation The pressure in 
the left auncle rises steadily with increase in venous inflow The pul- 
monary artery pressure always rises when there is increase in the 
venous inflow beyond a certain point 

Evans and Matsuoka®® lieduct from their isolated heart-lung prep- 
aration experiments, that lung edema comes on with ease at high 
pressures (apparently above 170 mm ) in the aorta Knowlton and 
Starling®^ state that increase in cardiac output runs parallel with 
increased aortic pressure until a maximum output is reached Then 
the output falls rapidly The venous pressure rises before there is any 
falling off in total output of the heart Markwalder and Starling®* 
find that the cardiac output is markedly independent of other factors 
The previous data did not consider the coronary circulation, they insist 

Matsuoka®® discusses the pathology of obstructive lung edema as 
obtained in the Starling heart-lung preparation His English is 
ambiguous, and there seem to be too many conclusions for the amount 
of data presented Defibnnated blood with leech extract was the per- 
fusing fluid used The cardiac output was taken as a measure of 
venous inflow When there is a relatively low aiterial pressure, a very 
large venous inflow must be maintained for some time to produce 
edema It is possible to increase the venous inflow without causing 
edema when a high arterial pressure prevails Obstruction of the 
aortic root produces an edema with a relatively small venous inflow 
The pulmonary artery pressure is raised in such a case The blood 
pressure m the pulmonary artery rises with a coordinate rise of the 
infenor vena cava During edema, the heart output may be reduced to 
a minimum, the blood content of the heart may be increased to a 
maximum, the pressures of the pulmonary artery, inferior vena cava, 
and right auncle may be increased to a maximum, all quite indepen- 
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dently of the height of arterial pressure and amount of venous inflow 
With a heart weighing 45 gm the pulmonary artery pressure must be 
over 40 mm Hg and be accompanied by venous obstruction so that 
lung edema may arise Edema never occurs m healthy dogs’ lungs 
when the pulmonar)’- artery pressure is lower than 40 mm Hg The 
pnncipal factors in transudation are the high pressure in the pulmo- 
nary circuit and the excessive passive dilatation of the lung capillanes 
The gaseous metabolism and the energ)^ consumption of the heart 
decrease m obstructive lung edema The heart always dilates before 
the occurrence of edema 

Martin Fischer®^ discusses lung edema briefly in his thesis, and 
mentions a few experiments of his own An edema results whenever 
the oxygen supply to the lung parenchyma is interfered with suffi- 
ciently This can be done effectively by ligation of nutrient vessels, 
directly or indirectly, via interference in the systemic circulation, such 
as compression of left ventricle or aortic root Ligations to a point 
immediately below the subclavian artery lead to edema, because the 
bronchial artenes leave the aorta just below the left subclavian 
Ligation below tlie bronchial arteries is negative The lack of oxygen 
leads to accumulation of acids m the tissues Clinically, pulmonary 
edema occurs more frequently m nephritis than in heart disease because 
toxic bodies injure the lung parenchyma as well as other tissue It is 
easy to produce edema in tlie excised lung because there is an inter- 
ference with the normal oxygen supply Fisher took sheep’s lungs 
and permitted water or M/6 (0975 per cent ) sodium clilorid solution 
to trickle into the pulmonary arteries, producing an intense edema A 
lung weighmg 500 gm will take up several liters in an hour Two 
periods can be designated Dunng the first period there is no fluid m 
the trachea Later, the pleural surface is moist, and a bloody, frothy 
fluid emerges from the trachea Although the veins are not ligated, 
no fluid emerges The longer the lungs have been out of the animal 
the more quickly do these signs of pulmonary edema appear Sodium 
citrate and sodium sulphate are more effective than sodium chlond 
In other words, the salts which dehydrate various protein colloids 
best are most effective, and therefore, the colloid theory of water 
absorption applies here More water is held because acids are pro- 
duced in the tissues The tissue colloids have their capacity for water 
increased by the acids present 

Schafers'" gives an excellent report on chlorin gas poisoning He 
commends Lehmann s work Cats, rabbits and dogs were anesthetized, 
and then gassed Ringer’s solution saturated with chlorin injected 
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intravenously produced a slight fall in blood pressure and a slight 
increase in the depth of respiration Inhalation (1 per cent chlorin) 
had no immediate special effect on blood pressure or respiration, but 
ultimately the blood pressure fell, the respirations became deep and 
convulsive prior to complete arrest, and the pulse was slowed Substi- 
tution of air produced recovery with higher blood pressure The chlorin 
cannot be carried to the tissues m a free state The short exposures 
show changes only m the lungs They are congested, more solid and 
are slightly crepitant He believes that fatality may be due to obstruc- 
tion of pulmonary vessels Experiments with surviving lungs and 
with lungs m the intact animal show a bronchiolar dilatation during 
gassing This was done by catching the air escaping from the lung 
surface through needle holes Chlorinated Ringer’s solution perfused 
into the pulmonary artery produces marked constriction Schafer 
presents microscopic plates of edema, interstitial and alveolar, and of 
capillary engorgement Presumably, the edema is secondary to the 
vascular obstruction Mucus does not play an important part (excluded 
by atropin) Bromin vapor is less deleterious 

HilP® discusses gas poisoning especially with chlorin The respira- 
tory epithelium and pulmonary capillaries are injured, and the osmotic 
pressure of the damaged tissue is raised, producing the edema 
Albuminuria is conceivably due to decreased oxygen supply to the 
kidney Barcroft, he says, has shown the presence of an increased 
acidity of the blood The edematous fluid produced may drown the 
animal In weak concentrations, chlorin does not produce death by 
stasis in pulmonary vessels When lungs were artificially respired 
and manipulated so that a chlorm-air mixture could be sent into one 
lung leaving the other airless, then an edema arose m the first lung, 
followed by asphyxia and failure of circulation Recovery was rapid 
if air was sent into the normal lung ^ Kuno and Hill, he reports, 
administered chlonn m heart-lung preparations They obtained con- 
gestion and edema, while the blood became more and more venous 
The cardiac output was diminished A microscopic description is 
given Strong concentrations of chlorin gas causes contraction of the 
bronchiolar musculature Pneumonia and bronchitis are almost invari- 
able sequels 

Matsuoka®' believes that the lung edema of ben ben is a character- 
istic feature of the disease, and is essentially an obstructive edema 
This citation is of value in that Yamagiva, the noted pathologist, says 
that this lung edema is due to the contraction of pulmonary arterioles 
and bronchioles 
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Slovtzov, Chernewski and Xenophontov,®® in a study on the chlonn 
content of the air as affecting oxidative functions and gaseous 
exchange, state that there is a diminished oxidation lasting for some 
hours 

Slovtzov®® finds that in rabbits chlonn inhalation increases the 
coagulation time, diminishes the alkalinity, destroys the leukocytes, 
increases the red blood corpuscles, and increases the thrombin content 
in pulmonary tissue 

Slovtzov®® describes the clinical signs, pathology and physical find- 
ings in cases of phosgene poisoning m man, horses, guinea-pigs, rats 
and dogs The acute poisoning resembles that induced by chlonn, 
although it IS milder Most noticeable are the lung changes, myo- 
carditis, nervous depression and alterations in the blood The red cells 
are disrupted, there is increased coagulation and viscosity and 
decreased alkalinity 

Luchermi®^ gives a graphic account of gas poisoning from the war 
zone 

Auer and Gates®® continue their study of fulminant pulmonary 
edema induced by intratracheal administration of epmephnn They 
had previously found the onset more rapid in the vagotomized rabbit 
Intratracheal administration of epmephnn in this series of rabbits 
gave them the following results In twenty-seven experiments, marked 
edema occurred in twenty-one with vagi cut In sixteen with vagi 
intact, slight edema was present Direct obsen^ation (six out of seven 
expenments) of the heart showed that epmephnn induced alternating 
strong and weak beats of the left ventricle with halving of its rate 
The dilatation of the left auricle was often tremendous Artificial 
respiration has a restraining influence on the onset of lung edema 
Tracheal stenosis facilitates edema production Atropm exerts a 
protective action Auer and Gates favor Welch’s view of the dispro- 
portionate activity of the ventricles which m their experiments is 
induced by adrenalin 

Kuno®® observes that when the blood used J or the heart-lung prep- 
aration (dogs) IS somewhat old, then the lungs gradually pass into an 
edematous condition Postulating that the pulmonary circulation m 
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edema is very slow, he kept the venous supply to the heart very low 
m two experiments in which he determined the amount of blood 
present in the lungs in edema In normal lungs, the blood was from 
8 8 to 19 4 per cent of the total blood (equal to 7 per cent of body 
weight), depending on the velocity of the blood The edematous 
lungs contained 23 4 and 26 2 per cent of the total blood 

Pellegrino®^ reports histologic researches on the pulmonary altera- 
tions following inhalation of bromin 

Kramer®® describes the effect of chlorm on the lungs, noting among 
other things thrombosis in lung and heart vessels 

Klotz®® describes acute death from chlorm poisoning in mice, 
guinea-pigs and rabbits Concentrations of from 1 1,000 to 1 10,000 
are lethal in from three minutes to one half hour usually A post- 
mortem examination shows hyperemic lungs, with little fluid blood in 
congested areas The blood coagulates within the dilated pulmonary 
capillaries The unusually rapid coagulation may be the result of 
the intense edema whereby the blood constituents within the vessels 
are greatly altered Human blood in 1 1,000 concentration coagulates 
m fifteen seconds, while stronger concentrations reduce this time 
Hake®^ found that diluted blood yielded a colorless filtrate after chlonn 
gas was bubbled through it A practically colorless precipitate was 
formed at the same time The iron found gave the tests for the feme 
salts 

Kruglevsky, Boldereff, Neporsky, Neiding, Sereisky and Gokh®® 
present a series of papers on acute edema produced in gas poisoning 
They discuss treatment, effect on vegetative nervous system, nervous 
symptoms, psychic symptoms and the intravenous oxygen treatment 

Meek®® produced lung edema by intravenous injection of collargol 
The fluid practically poured from the trachea A microscopic study 
showed that it was purely an obstructive edema, with emboli in the 
pulmonary and coronary circulations 

General treatises on lung edema of importance are those by 
Ziegler,^®® Staehehn,’^^ Heinz,®' KunkeP® and Klemensiewicz 

94 Pellegrino Histological Researches on the Pulmonary Alterations Fol- 
loNMng the Inhalation of Bromine, Arch farm sper. 24 58, 1917 

95 Kramer Chlorm Poisoning, Viertelj f ger Med 53 181, 1917, also 
Chem Abstr 12 1918, also Physiol Abstr 2 528, 1917 

96 Klotz Acute Death from Chlorm Poisoning, J Lab & Chn Med 
2 889, 1917 

97 Hake Chlorm on the Blood, Lancet 2 86, 1915 

98 Kruglevsk}--, Boldereff, Neporsky, Neiding, Sereisky and Gokh Acute 
Edyma of the Lungs and Various Phases of Gas Poisoning, Russk Vrach 16 
385, 1917, also Phjsiol Abstr 3 61, 1918 

99 Meek Personal Communication, 1918 

100 Ziegler Lehrb d allg Path 2 765, 1906 
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Cushny^®^ notes the frequent occurrence of lung edema in cats and 
rabbits after poisoning with pilocarpin This has also occurred in 
man Pilocarpin, in toxic amounts, contracts the bronchi, retarding 
the movement of the air, retards the heart, slowing the circulation 
through the lungs, and has a tendency to cause convulsive movements, 
accompanied by rapid and labored respiration, which eventually 
becomes slow and weak Asphyxia follows 

STATUS OF THE PROBLEM AFTER NOVEMBER, 1918 

Shortly after the armistice was signed November 11, permission to 
various war department groups of investigators was granted allowing 
them to publish their observations on experimentally induced con- 
ditions in which pulmonary edema occurred as a prominent symptom 
However, there has as yet been no comprehensive experimental study 
submitted concerning the cause and treatment of the edema Barbour 
and Williams^®^ report the effects of chlorin on isolated bronchi and 
pulmonary vessels Wmternitz and LamberP®^ discuss the pathology 
of lungs obtained from gassed dogs, with emphasis on the edema as a 
cause of death UnderhilP®^ delivered an excellent Harvey lecture on 
the physiology and experimental treatment of poisoning with the lethal 
war gases in which considerable experimental data were summarized, 
but the data were not submitted 


SUGGESTIVE METHODS FOR THE STUDY OF EXPERIMENTAL 

LUNG EDEMA 


The detailed investigation of lung edema caused by toxic gases in 
the medical section of the Chemical Warfare Service directed the 
attention of the group at the University of Wisconsin Medical School 
laboratories to the following points in relation to the onset and cause 
of the edema Whether there is an increase or decrease or both in (1) 
the blood volume, (2) red and white cell count,(3) hemoglobin per- 
centage, (4) amount of fibrin, (5) thrombin, (6) freezing point of 
blood, (7) presence of lymphagogues in the blood stream, (8) spectro- 
scopic examination of the blood, (9) chemical examination of the 
blood, (10) agglutination, (11) viscosity of the blood, (12) coagula- 
tion time, (13) blood counts from the right and left hearts, (14) the 
alkali reserve, (15) the pn value of the blood, (16) histologic changes 


101 Cushny Textbook on Pharmacology, 1918 

102 Barbour and Williams The Effects of Chlorin on Isolated Bronchi 
and Pulmonary Vessels, J Pharmacol & Exper Therap 14 47 1919 


104 Underhill The Physiology and Expenmental Treatment of Poisoning 
vith the Lethal War Gases, Arch Int Med 23 753 (June) 1919 ^ 
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in the bone marrow In addition to these, the following topics 
require investigation (17) the cause of polycythemia, whether it is 
due to decreased blood volume or to decreased oxygen supply, (18) 
roentgen- ray studies of the heart and lungs, (19) the first sign of the 
onset of edema, or a simultaneous factor occurring at the time of 
edema onset, (20) the pathology at various stages up to the time of 
death, (21) the vital capacity of the lungs, (22) wet and dry weights 
of the lungs, (23) response to increased oxygen or carbon dioxid 
administration, especially from time of gassing up to the onset of 
edema, (24) pressures in the following vessels and heart chambers — 
carotid, aorta, pulmonary vein, pulmonary artery, jugular vein, right 
ventricle, left ventricle, brachial artery, (25) wet and dry weights of 
tissues other than the lungs, as, for instance, muscle, to account par- 
tially for loss in blood volume, (26) direct effect of toxic substance 
as gas or chemical on the isolated or excised heart by perfusion, (27) 
direct effect on a surviving lung and such isolated pulmonary struc- 
tures as arteries, veins and bronchi, (28) the cause of dyspnea, (29) 
the respiratory quotient, (30) the respiratory minute volume, (31) 
the picture produced by gassing one lung or lobe, (32) the presence of 
bronchiolar spasm 

Following the discovery of the cause of edema, one expects that 
the treatment of the condition could be followed out along suggestive 
leads However, under the stress of the war situation, the study of 
treatment was instituted practically simultaneously with the study of 
the cause of toxic gas edema These measures, briefly summarized 
were the effect of (1) bleeding, (2) infusions of physiologic sodium 
chlorid solution, glucose, acacia and mixtures of these, (3) morphin, 
(4) atropin, (5) the digitalis senes and other cardiac drugs, (6) 
oxygen — ^by vein, abdomen, etc , attempts at extrapulmonic respira- 
tion, (7) neutralization of chemical inhalants in the first stage of 
poisoning, (8) neutralization of gas products in the respiratory 
epithelium before injury to the cell has advanced very much, (9) 
possibility of regeneration of respiratory epithelium by drugs or chem- 
icals, (10) changing the content of the blood so as to overcome the 
biochemic changes extravascular to the lung capillaries, (11) control 
of the alkali reserve, (12) maintenance of normal body temperature, 
etc , etc 

SUMMARY 

A survey of the literature shows that the methods for production 
of edema fall into a few categories The first method tried was the 
experimental production of pulmonary emboli by the use of fat drop- 
lets, lycopodium seeds, etc (Virchow, Klotz) The edema resulting 
from pulmonary emboli may be explained in several ways It may 



SCHLOMO VITZ— PULMONARY EDEMA 


497 


arise because there is a diminished blood supply in the lung nutrient 
vessels via the aorta, due to the damming back of the blood, or because 
the right heart continues its pumping action against the emboli 
obstructions, increasing thereby the permeability of the turgid pul- 
monary capillaries Then, again, in the diminished nutritional supply 
of the heart, there may result a disproportionate activity of the cardiac 
chambers with the left weaker than the right 

A group of methods can be gathered under the caption “Injury to 
Pulmonary Capillaries,” either from within the vessels or from with- 
out The blood flowing within the vessels may be altered, for example, 
diluted, as in Cohnheim’s and Lichtheim's hydremic plethora animals, 
or m perfusion of isolated heart-lung preparations (Jacobj, Evans, 
Lovatt, etc ), a collapse in the normal permeability of the lung capil- 
lanes results, uitli the escape of fluid into the extracapillary space, 
rupturing of the alveoli, and finally filling of the air spaces The blood 
may be concentrated, resulting in an anoxemia The capillary endo- 
thelium may be injured direct!)" with acetic ether (Lowit, Miller and 
Mathews) administered intravenously, or by ammonia (Magnus et al, 
Modrakowski) A number of French workers have attempted to pro- 
duce pulmonary edema by electrical stimulation of the exposed lung 
and ha^ e thought that the results obtained suggested a nervous element 
They insist on a reflex dilatation of the lung vessels (Jores, Teissier 
and Gurnard) There seems to be little expenmental evidence for 
this point of view Another possible cause for the pulmonary injury 
is the production of acid products in the lung interstitial tissue due to 
altered blood in the nutrient vessels of the lung (Fischer). 

Injurj" outside of the pulmonary capillanes may result from a 
destruction of the respiratory epithelium, as, for example, by toxic 
gases (Lehmann, Pettenkofer, Kockel, Roos, Modrakowski, Schafer, 
Hill) Fluid uould escape into the air spaces due to increased per- 
meability of the alveolar wall resulting from the injury Another form 
of mjur)" to the respiratory epithelium might follow bronchiolitic 
spasm, as in chlorin gas poisoning (Barbour and Williams) 

The inflammatory type of pulmonary edema, which Sahli insisted 
on as the chief type in man (confirmed by Welch), might be considered 
as a combination of intravascular and extravascular injury Ham- 
burger brought proof to show the lymphagogue power of certain bac- 
teria and their products in the blood stream Pathologic evidence also 
indicates that bacteria can invade the interstitial pulmonary tissue and 
induce an edema by altering the physicochemical conditions It is also 
pident that injury of the lungs in gassed indniduals results in dimin- 
ished resistance to bacterial invasion 

A great mass of work has been done, initiated by Welch, in show- 
ing the onset of pulmonaiy" edema in all conditions m which the 
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mechanical efficiency of the left ventricle is reduced to a greater extent 
than that of the right ventricle The pressures in systemic and pul- 
monary vessels were recorded to prove this assumption Welch was 
the first to show that injury or compression to the left ventricle was 
followed by a pulmonary edema Others feel that thrombi in the left 
coronary artery might do this Then, again, the toxic action on the 
left ventricle of rapid intravenous injections of epmephrm seems to 
corroborate Welch’s assumption (Beidl, Auer and Gates, Meltzer, 
Bouchard and Claude) Probably, the cardiac disproportion is the 
cause of the edema of asphyxia, whether agonal or not, or, at least, 
It is a contributing cause Some observers feel that the heart is the 
primary cause of edema m certain types of gas poisoning, indicated 
by its dilatation and change in venous pressure 

It IS conceivable that a pulmonary edema may be the resultant of 
a group of causes For example, a toxic substance might injure both 
lung and heart simultaneously, and as the edematous fluid finds an 
easy outlet, the heart may be developing an asymmetrical pumping 
activity and thereby massing the blood on the venous side of the lungs 
Or a VICIOUS circle might be produced A substance might induce 
edema in the first place by injury to the lung parenchyma This might 
result in a concentration of blood, which would in turn reduce its 
oxygen carrying capacity and result in a decreased efficiency of the 
heart due to poor nutrition Finally, this might lead to an increase in 
blood in the right heart, with a greater seeping of fluid through the 
dilated pulmonary capillaries into the air spaces 

It would seem that the work which has been done on experimental 
pulmonary edema indicates that the mechanism of causation of pul- 
monary edema must be sought for beyond the immediately obvious 
cause, as, for example, intravenous emboli, intravenous injection of 
drugs like epmephrm and muscarm and toxic chemicals, such as acetic 
ether, silver nitrate, collargol, etc , injury to the chambers of the left 
heart, particularly the ventricle, infusions of large amounts of fluid, 
with or without vagal section, electrical stimulation of lung tissue 
directly, inhalation of irrespirable gases and vapors (chlorm, hydrogen 
sulphid, hydrochloric acid, etc ) , ligations and compressions of aortic 
and pulmonary branches, occlusion of bronchi and bronchioles, altera- 
tions m the content or amount of blood , obturation of chambers of the 
left heart, increasing the venous inflow, overriding the maximum 
cardiac output, and decreasing the oxygen supply to the lung paren- 
chyma 



AN INVESTIGATION OF THE SIZE OF THE HEART IN 
SOLDIERS BY THE TELEROENTGEN METHOD"" 

ALFRED E COHN, MD 

NEW "VORK 

It IS not Icnown with sufficient accuracy whether exertion, such as 
soldiers undergo in warfare, is accompanied by enlaigement of the 
heart The present study was undertaken to obtain information on 
this point The examinations were made during May, 1919, of soldiers 
who had seen active service in the American Expeditionary Forces ^ 

The men were selected without regard to special criteria by line 
officers at one of the camps in the vicinity of New York - Infantry- 
men were chosen or men who had been subjected to an equivalent 
amount of privation and exertion In this report are given the results 
of the study of the size of the heart only Physical examinations were 
made and electrocardiograms were taken, but the results of these 
further studies are reser\^ed for later communications 

The examinations now reported were roentgenographic ® The 
exposures were made with sternum turned to, and parallel with, the 
plate The distance from the anticathode of the roentgen-ray tube to 
the photographic plate was 6 feet A strip of lead about 100 cm 
long, 6 0 mm wide, and about 3 0 mm thick was laid on the skin ovei 
the spines of the vertebrae and secured with adhesive plaster Two 
acute angles of lead vere similarly secured — one in the suprasternal 
notch and the other in the mfrastemal notch The target of the 
roentgen-ray tube vas adjusted to the le\cl of the lower angle 
Whether correct anteroposterior alignment was obtained, could then 
be ascertained by examining the plate The exposures were made in 

*Froni the Hospital of tlie Rockefeller Institute for kledical Research, 
New York 

1 At the same time similar m\ estigations were carried on by Capt B 
Smith at U S General Hospital No 9, Lakewood, N J The results of his 
examinations are gnen in a separate communication in this issue of the 
ARCHnnes or Internal klEDiaNE 

2 I desire to express my thanks to Major-General Shanks, Commanding 
Officer of the Port of Embarkation, Hoboken, for his courtesy in placing these 
soldiers at my disposal 

3 I am indebted to Dr Witherbee, who made the roentgenograms, for his 

painstaking cooperation ’ 

4 Mention is made of tins technical detail because the use of this method 
secures greater accuracy than that which employs a lead strip on the sternum 
and a ring o\er the a \ertebral spine 



500 


ARCHIVES OF INTERNAL MEDICINE 


the standing position In making studies of this kind, Bardeen ° made 
the exposure “during deep but not forced inspiration and with two 
half second exposures with an intervening half second so as to insure 
a diastolic outline ” The exposures were made by Smith ® dunng an 
inspiration of moderate depth after the subject had taken a deep 
breath and expired it A method involving deeper breathing than 
normal has this purpose it frees a larger portion of the cardiac shadow 
from the shadows of the surrounding viscera, especially the liver, and 
it permits the drawing of the outline of the cardiac shadow with greater 
ease It is admitted that there is a disadvantage m the procedure, 
when the breath is held too long it occasions too great a filling of the 
heart, the photograph of which is, in consequence, larger than normal 
A modification of the usual technic was, therefore, introduced m this 
study No directions for breathing during, the exposure were given, 
the men breathed normally In order that the phase of respiration in 
which the plate was secured might be known, the following technic 
was devised 

On the plate holder a lead strip was secured to indicate the neutral 
position of the vertically hanging lever of a Marey tambour tipped 
with a lead ring The tambour was connected by rubber tubing with 
a Pohtzer bag held m position in the right axilla by a binder secured 
by tying its tails , metal fastenings were, of- course, avoided During 
respiration, the lever swung to one or other side of the neutral line 
indicated by the lead strip The side to which the lever swung during 
expiration was indicated on the plate holder by fastening there a lead 
letter E The exposures were brief, a fraction of a second, perhaps as 
little as one-tenth second on occasion, so that the image of the lead 
ring of the lever Avas sharp When the exposure was longer, or the 
breathing faster, the trail of the lever, as it swung across the plate, 
appeared on the plate and showed this fact The lever of the tambour 
was in view of the operator, so that by observing it the exposure could 
be made in any phase of breathing The desired information was, 
accordingly, recorded on the plate The attempt was made to secure 
the exposures during normal inspiration This succeeded m 140 of 
161 instances (I, Table 1) 

But to study the effect of normal breathing on the size of the heart, 
the heart in fifty-six instances was photographed both m inspiration 
and in expiration Note should be taken of the fact that in many 

5 Bardeen, C R Determination of the Size of the Heart by Means of 
the X-Ray, Am J Anat =3 423, 1918 

6 Smith, B Teleroentgen Measurements of the Hearts of Normal Soldiers, 
\rch Int Med , this issue, p 522 
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TABLE 1 —Data and Measurements of the Hearts of 
THE Soldiers Examined 


Xo 

Phase 

Ees- 

pira- 

tlon 

P 

Weight, 

Kg 

Height, 

Cm 

Age, 

Trs 

Trans- 

verse 

Diam- 

eter, 

Cm 

1 

ITong 

Diam- 

eter, 

Cm 

Area, 

Sq 

Cm 

Angle, 

De- 

grees 

Notes 

1 

1 


53 

157 

21 

13 4 

13 4 

94 

38 


2 

I 7 

+ 

53 

152 

29 

12 7 

13 6 

102 

37 

Wounded 

S 

I 


54 

164 

40 

12 0 

131 

103 

46 


4 

I 


54 

162 

20 

119 

13 3 

86 

40 


6 

I 


65 

158 

29 

12 8 

14 6 

122 

42 


C 

I 

+ 

60 

158 

25 

13 9 

13 9 

120 

43 


7 

I 


66 

173 

24 

13 8 

15 7 

112 

42 


8 

I 


66 

171 

27 

123 

14 3 

103 

47 


9 

I 

+ 

60 

108 

22 

112 

13 2 

92 

47 

Gas 

10 


■| 

67 

160 

19 

12 3 



47 

Gas 

11 

I 


57 

168 

24 

12 6 



47 


12 

N 


57 

172 

26 

115 



51 


13 

7 


67 

105 

23 

112 

■9 


50 

Appendieitis 

14 

7 


68 

163 

24 

12 8 

13 7 

112 

37 

Wounded 

15 



68 

168 

25 

114 

13 2 

94 

52 


10 


■ 

58 


25 

112 

13 0 

94 

49 

Gas 

17 

I 


69 

175 

19 

12 5 

13 9 

122 

46 

Gas 

18 

I 7 


59 


21 

116 

12 5 

99 

49 

Bronchitis 

19 

7 


69 

ICO 

25 

11 5 

14 0 

108 

48 


20 

I 

+ 

59 

167 

23 

125 

14 7 

108 

43 


21 

E 

m 

00 

172 

25 

12 7 

13 6 

100 

34 

Gas, rheumatism 











(7), djsentery 

22 

I 


00 

174 

29 

113 

13 0 

98 

41 


23 



00 

171 

25 

12 4 

14 2 

110 

42 


24 

I 



162 

23 

13 3 

14 3 

106 

36 


25 

I 


60 

lOf 

29 

13 3 

151 

109 

45 

Wounded 

20 

I 


00 

183 

25 

12 5 

14 3 

101 

45 


27 

I 



174 

21 

10 8 

13 0 

96 

46 


28 

7 



173 

23 

12 5 

13 4 

107 

45 


29 


H 


170 

24 

12 5 

13 7 

104 

43 


30 

I 

+ 

01 

161 

27 

12 8 

13 7 

103 

39 

Wounded 

31 

I 


61 

174 

24 

11 8 

12 7 

102 

35 

Wounded, gas 

32 

I 

+ 

61 

ICS 

29 

10 5 

12 5 

92 

44 

Gas, shell shock 

33 

r 


01 

164 

25 

13 0 

13 6 

113 

41 


34 

I 

+ 

01 

176 

27 

117 

13 8 

95 

47 

Appendicitis 

35 

I 


62 

163 

24 

112 

13 7 

121 

48 


30 

I 


02 

166 

30 

14 2 

14 6 

124 

39 


37 

I 


62 

173 

29 

119 

13 9 

108 


Gas 

38 

I 

4- 

62 

171 

20 

12 3 

13 2 

93 

43 


39 

7 

4- 

02 

173 

25 

12 5 

14 0 

209 

44 

Gas 

40 

I 


02 

170 

29 

13 0 

15 0 

105 

42 

Gas 

41 

r 


63 

172 

70 

12 8 

11 8 

84 

32 

Gas 

42 

1 

+ 

03 

163 

33 

14 0 

15 0 

109 

33 


43 



63 

103 

26 

13 5 

14 2 

103 

34 

Gas, wounded. 











rheumatism (’) 

44 



03 

174 

40 

13 8 

14 0 

112 

42 

Gas 

45 

7 


03 

109 

21 

13 5 

14 9 

130 

44 


40 

I 


63 

167 

24 

11 8 

13 4 

101 

45 


47 

I 


63 

164 

21 

12 8 

14 0 

127 

45 

Shell shock 

48 

I 


63 

109 

28 

12 0 

KEB 

100 

51 


49 

I 


63 

178 

23 

12 7 


109 

50 


50 

I 


63 

170 

23 

11 3 


97 

48 


51 

I 

+ 

03 

172 

20 

10 5 

WM 

91 

53 



Column 2 gives the pha=e ol respiration in winch the exposure 1 = made 
Column 3 indicates (+) whether exposures were obtained both m 
e\pir ition 

Columns 4 5 and 0 give the weights, height, and age 
Columns 7, 8, 0 and 10 giac the transverse diameter, the long diameter 
cardiac shadou and the cardiac angle ’ 

Column 11 gives notes of interest 


inspiration and 
the area of the 
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TABLE 1 — ^Data and Measurements of the Hearts of the 
Soldiers Examined — (Continued) 


No 

Phase 

Ees 

pira- 

tion 

p 

Weight, 

Kg 

Height, 

Cm 

Age, 

Trs 

Trans 

verse 

Diam 

eter. 

Cm 

Long 

Diam 

eter. 

Cm 

Area, 

Sq 

Cm 

Angle, 

De- 

grees 

Notes 

52 

I 


64 

167 

30 

14 4 

14 6 

125 

36 


53 

N 


64 

164 

29 

12 0 

12 5 

83 

34 


54 

E 


64 

174 

23 

128 

13 5 

102 

38 

Gas 

55 

E 


64 

167 

31 

12 7 

13 8 

104 

38 

Wounded 

56 

N 


64 

173 

24 

13 4 

14 4 

129 

47 

Gas 

57 

I 

+ 

64 

176 

21 

12 2 

13 5 

82 

38 


58 

I 

+ 

64 

167 

24 

12 5 

13 9 

100 

88 

Gas 

59 

I 


64 

181 

29 

112 

13 5 

98 

45 


60 

I 


64 

171 

26 

128 

14 4 

108 

43 

Trench fever ? 

61 

I 

+ 

64 

168 

28 

13 2 

15 2 

131 

47 

Gas 

62 

I 


65 

177 

28 

14 2 

14 8 

126 

38 


63 

I 

+ 

65 

175 

28 

13 3 

14 6 

119 

40 


64 

I 


65 

168 

20 

128 

13 4 

109 

42 

Gas 

65 

E 


65 


20 

118 

14 0 

114 

47 


66 

I 


65 


21 

128 

13 3 

112 

45 

Gas, shell shock 

67 

I 

+ 

65 

■£]■ 

27 

12 3 

12 8 

96 

36 

Wounded 

68 

I 


65 


27 

12 8 

14 0 

111 

44 


69 

I 


65 

170 

23 

12 7 

15 3 

126 

50 


70 

E 


65 

170 

20 

112 

13 2 

95 

48 


71 

I 

+ 

66 

165 

22 

BQi 

13 4 

92 

39 


72 

I 


66 

164 

27 


15 4 

126 

40 

Gas 

73 

E 


66 

182 

25 


13 6 

101 

44 


74 

I 


66 

167 

26 

12 4 

14 6 

121 

53 


75 

I 

+ 

66 

179 

19 

12 3 

14 5 

108 

49 


76 

E 


66 

165 

21 

126 

151 

119 

48 


77 

I 


67 

161 

25 

14 5 

14 8 

109 

SO 

Gas 

78 

I 


67 

173 

29 

14 6 

15 3 

124 

38 

Gas 

79 

I 


67 

167 

25 

13 7 

15 2 

120 

38 


80 

I 

+ 

67 

176 

27 

13 7 

13 5 

92 

29 

Gas 

81 

I 


67 

175 

23 

12 4 

13 9 

104 

37 

Gas 

82 

I 


67 

167 

26 

14 4 

151 

109 

35 


83 

I 


67 

175 

28 

12 4 

13 0 

95 

35 


84 

I 


67 

168 

27 

14 0 

14 6 

124 

41 


85 

I 


67 

169 

23 

13 2 

131 

94 

32 

Gas 

86 

I 


67 

170 

24 

15 0 

16 3 

137 

41 


87 

I 


68 

167 

49 

13 5 


no 

31 


88 

E 


68 

171 

24 


15 5 

139 

39 


89 

I 


68 

171 

21 

13 4 


111 

32 

Gas 

90 

I 


68 

175 

24 

12 8 

14 1 

131 

43 


91 

I 


68 

174 

18 

118 

12 8 

99 

36 

Gas 

92 

? 


68 

170 

26 

13 8 

151 

118 

41 


93 


+ 

68 

174 

20 

128 


114 

47 

Gas 

94 



68 

175 

26 


151 

118 

43 


95 

? 


68 

176 

23 

121 

15 4 

140 

55 

Gas 

96 

I 

4- 

68 

178 

23 


15 5 

140 

49 

Not in France 

97 

I 


69 

175 

42 

15 7 

161 

132 

35 


98 

N 

+ 

69 

180 

26 

12 7 

13 8 

108 

35 


99 

I 

4- 

69 

167 

22 

129 

13 5 

96 

38 

Gas 

100 

I 


69 

169 

26 

14 8 

15 9 

129 

37 


101 

I 


69 

174 

31 

13 8 

151 

122 

40 

Gas 

102 

E 


69 

177 

23 

12 6 

141 

120 

41 


103 

I 


69 

177 

25 

118 

13 3 

no 

48 

Gas 

104 

I 

+ 

69 

182 

28 

12 8 

15 0 

132 

45 

Gas, -wounded 

105 

I 

+ 

69 

171 


14 8 

15 0 

135 

41 

Gas, wounded 

106 

I 


69 

172 

26 

13 6 

151 

no 

42 

Gas 

107 

I 

+ 

69 

177 

28 

12 2 

14 3 

104 

42 


103 

I 


69 

180 

28 

12 3 

13 2 

106 

49 


109 

? 


70 

174 

31 

13 5 

14 6 

112 

37 

Gas 

110 

I 

+ 

70 

ISO 

30 

12 0 

13 6 

100 

40 


111 

I 


70 

171 

30 

12 8 

13 2 

95 

35 


112 

? 


70 

176 

40 

15 0 

15 0 

121 

42 


113 

I 


70 

176 

29 

13 3 

14 3 

109 

36 


114 

? 


70 

170 

25 

13 0 

14 3 

120 

44 


115 


+ 

70 

175 

24 

13 0 

14 6 

114 

40 


116 


+ 

70 

184 

27 

12 8 

141 

109 

46 


117 

■11 


70 

175 

22 

118 

15 0 

109 

51 


118 

1 I 


70 

175 

18 

13 0 

14 0 

98 

42 
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TABLE 1— Data and Measurements of the Hearts of the 
Soldiers Examined — {Conixmicd) 


No 

Phase 

Ecs 

pira- 

tlon 

P 

wcieht, 

Ke 

Height, 

Cm 

Age, 

Yrs 

Trans- 

verse 

niam- 

eter. 

Cm 

Long 

Diam- 

eter, 

Cm 

Area, 

Sq 

Cm 

Angle, 

De- 

grees 

Notes 

119 

I 


71 

9'9 

22 


15 8 

122 

35 


120 

E 


71 

m tS 

20 

9^1 

16 3 

136 

35 


121 

7 


71 

9 9 

30 


13 8 

121 

37 


122 

I 


71 


29 

14 2 

14 4 

105 

32 

Gas 

123 

I 


71 

177 

34 

13 8 

15 3 

no 

42 

Dysentery ? 

124 

I 


71 

172 

27 

14 0 

16 7 

122 

40 

Measles 

125 

I 


71 

178 

23 

121 

14 0 

91 

45 


120 

I 


71 

172 

23 

U3 

13 3 

91 

43 


127 

I 


72 

H9 

24 

127 

124 

94 

SO 


128 

I 


72 

■SB 

24 

14 2 

14 6 

no 

37 


129 

I 


72 


22 

14 0 

14 8 

134 

43 

Wounded, buried 

130 

N 


72 

165 

23 

12 4 

13 6 

104 

39 


131 

I 

+ 

72 

178 

24 

13 0 

15 2 

124 

45 


132 

I 


72, 

174 

20 

12 4 

151 

122 

48 


133 

I 


72 

174 

29 

14 7 

16 7 

127 

42 


134 

? 


72 

177 

26 

13 4 

14 6 

123 

■45 


135 

I 


72 

173 

21 

12 8 

16 3 

127 

62 


130 

I 

+ 

73 

173 

25 

14 5 

14 9 

no 

34 


137 

I 


73 

178 

21 

141 

14 8 

119 

38 


138 

I 


■9 

174 

28 

14 4 

15 0 

114 

35 

Gas 

139 

I 

+ 


160 

22 

14 6 

141 

113 

33 


140 

I 


■9 

171 

24 

13 7 

14 7 

no 

34 


141 

mm 


74 

172 

23 

12 3 

12 7 

80 

33 


142 

■9 


74 

172 

25 

13 0 

14 3 

116 

45 


143 

I 


74 

178 

27 

13 3 

161 

146 

46 


144 

I 


74 

186 

23 

12 7 

14 8 

90 

41 


145 

I 

4 * 

76 

176 

25 


15 8 

115 

83 


140 

I 

+ 

75 

170 

28 

9^1 

14 4 

93 

87 


147 

I 


76 

173 

26 


16 2 


21 


148 

I 

+ 

76 

172 

25 

12 0 

13 2 

100 

39 


149 

I 


75 

105 

27 

13 0 

14 2 

118 

46 


160 

I 


76 

175 

30 

13 2 

15 3 

114 

41 


161 

? 


75 

174 

21 

12 7 

14 4 

102 

45 


152 

N 


76 

176 

24 

110 

14 1 

111 

56 


153 



70 

176 

26 

14 6 

15 3 

121 

33 

Pebricula 

154 

I 

B 

77 

179 

28 

12 3 

15 0 

127 

48 


155 

I 

B 

77 

181 

30 

12 8 

15 9 

126 

49 

Trench fever ? 

150 

E 


78 

173 

24 

14 2 

14 3 

no 

28 

Gas 

157 

I 

B 

78 

170 

28 

14 3 

14 8 

107 

35 


158 

I 


83 

180 

27 

14 3 

15 8 

120 

39 


159 

I 

+ 

83 

182 

21 

12 5 

14 7 

124 

44 

Wounded 

100 

I 

m 

83 

179 

26 

13 8 

16 6 

127 

46 


101 

I 

m 

SO 

ISO 

26 

13 8 

14 7 

no 

30 



persons expiration is not an active process, but is the release from 
inspiration In these cases, the expiratory phase is represented by 
the neutral position (N, Table 1) A question mark in the table indi- 
cates that the ring was not identified in the plate , it swung beyond the 
plate There is, however, a defect in this method It is impossible to 
record on the plate the exact level of the respiratory phase at which 
the exposure was made The method is subjective to the extent that 
to secure the photograph at the height of the respiratory phases, 
reliance is placed on the operator ’ 
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The measurements taken were those recommended by Moritz ^ 
and his followers In the plates the right and left borders were traced, 
and the outline of the heart’s shadow completed by joining arbitrarily 
the lines representing these The long and transverse diameters were 
measured The angle of inclination of the heart, that is to say, the 
angle formed by the long diameter and a line drawn to the cardiac apex 
at right angles with the median line, was recorded The area of the 
cardiac outline was measured by the planimeter 


TABLE 2 — ^Averages of Table 1 


No of 
Oases 

Weight, 

Kg 

Height, 

Cm 

Age, 

Yrs 

Transverse 

Hiameter, 

Cm 

Long 

Diameter, 

Cm 

Area, 

Sq Cm 

Angle, 

Degrees 

2 

53 

154 

25 

13 0 

13 5 

98 

37 

2 

54 

163 

30 

119 

13 2 

97 

43 

1 

55 

158 

29 

12 8 

14 5 

122 

42 

4 

56 

167 

24 

12 8 

14 2 

106 

44 

4 

57 

166 

23 

119 

14 2 

107 

50 

3 

58 • 

167 

24 

118 

13 3 

100 

46 

4 

59 

169 

22 

12 0 

13 7 

111 

46 

9 

60 

171 

24 

12 3 

13 8 

103 

41 

5 

61 

168 

26 

11 9 

13 2 

101 

41 

6 

62 

169 

27 

12 5 

141 

no 

44 

11 

63 

169 

28 

12 6 

13 8 

105 

43 

10 

64 

170 

26 

12 7 

13 9 

106 

40 

9 

65 

171 

23 

12 6 

13 9 

112 

43 

6 

66 

170 

23 

12 4 

14 4 

111 

45 

10 

67 

170 

25 

13 7 

14 4 

no 

35 

10 

68 

173 

25 

13 2 

14 5 

122 

41 

12 

69 

175 

28 

13 3 

14 5 

117 

41 

10 

70 1 

175 

27 

131 

14 2 

108 

41 

8 

71 

172 

27 

13 4 

14 8 

112 

38 

9 

72 

173 

23 

13 2 

14 5 

118 

43 

2 

73 

175 

23 

14 3 

14 8 

114 

36 

7 

74 

174 

24 

13 4 

14 4 

no 

38 

8 

75 

172 

25 

13 2 

14 7 

107 

39 

1 

76 

176 

25 

14 5 

15 3 

121 

, 33 

2 

77 

180 

29 

12 6 

15 4 

126 

48 

2 

78 

171 

26 

14 2 

14 6 

108 

31 

3 

83 

180 

24 

13 5 

15 7 

123 

43 

1 

86 

180 

26 

13 8 

14 7 

no 

36 


In measuring fifty-six pairs of roentgenograms (Tables 3 and 4) 
It was found that in inspiration and in expiration the transverse 
diameter was identical in six pairs, greater in inspiration in thirty-one 
pairs and smaller m nineteen pairs The long diameters were identical 
in three pairs, greater in inspiration in forty-two pairs, and smaller in 
eleven pairs The area was greater m inspiration in forty-four pairs, 
smaller in twelve pairs The angle of inclination was identical in three 
pairs, greater in inspiration in thirty-nine pairs, and smaller in four- 

7 Alontz, F Ueber Veranderungen m der Form, grosse und Lage des 
Herzens beim Uebergang aus horizontalen m vertikale Korperstellung Zugleich 
ein zweiter Beitrag zur Methodik der Orthodiagrapbie, msbesonders zu der 
Frage uie die Ortbodiagramme auszumessen seien und welche Korperstellung 
fur die Orthodiagrapbie des Herzens zu wahlen sei, Deutsch Arch f klin 
kled 82 1, 1905 
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teen pairs But the difference in size and the difference in position 
Mas not great The transverse diameters (less subject to error, as M'ill 
be pointed out later, than the long diameter, because it does not require 
the arbitran* location of the apex) differed 5 mm or less in forty-tivo 

TABLE 3 — ^Measuremexts of the Cardiac Shadow ix Ixspiratiox axd 
Expiratiox, axd the Differexce Betweex the Two 


! Diflerence Between Inspiration 

Inspiration Expiration f and Expiration 


Xo 

i 

! Area 
; Sq 
* Cm ! 

1 

! 

Long 
Diam- 
eter, i 
Cm 

Trans- 
verse 
Diam- ] 
eter, , 
Cm ! 

.Angle, 

; Dc- 
erees | 

Area, 

' ‘=q 

1 Cm 

! 

! Long 

1 Diam- 
; eter. 
Cm 

f 

1 Trans- 
verse 
i Dinm- 1 
eter, ' 
1 Cm 

1 

‘.Angle,! 

1 De- 1 

1 grces j 

Area, 

Sq 

Cm 

Long 1 
Diam- 
eter, . 
Cm 

Trans- 
i verse 
Diam- 
eter, 
j Cm 

Angle. 

De- 

grees 

1 

1 

• 106 ! 

1 141 

13 3 1 


1 116 ' 

; 14 4 

ISS ' 

‘ o5 V 

—10 1 

—0 s 1 

1 00 

i — 3 

o 

1 101 

1 15 0 

13 7 

S3 

, 90 

1 14 5 

14 4 ; 

1 29 j 

— 2 ' 

—0 5 

' —03 1 

1 -‘- 4 

3 

ss 

1 12 2 1 

127 

33 i 

1 78 

1 no 

125 

' SI ! 

-10 1 

-0 3 

1 -‘-0 2 1 

1 2 

4 

92 ■ 

1 13 5 

13 7 

29 

, S3 1 

12.7 

! 12 8 

! 29 j 

— 9 

1 -OS 

1 -0 9 ’ 

1 0 

o 

1 

ISO 

13 0 

35 

85 1 

; 125 

12 7 

1 34 ! 

-10 ' 

J-0 5 

f -0 3 ; 


6 

1 109 

i 15 0 

14 4 

33 . 

1 102 1 

i 14 6 

14 0 

1 22 ! 

4 1 

-0 4 

1-0 4 

! 1 


1 115 

I 15E 

14 7 

S3 1 

n2 . 

14 9 

14 3 1 

1 S3 

- 2 ! 

-0 9 ' 

^ -04 

0 

S ' 

121 

15 3 

14j 

S3 1 

103 . 

13 4 

14 0 1 

1 *^7 1 

J-IS 

-‘-19 1 

! -0 5 i 

— 6 

0 1 

' 113 

I 14 1 

i 14 6 

S3 1 

117 ! 

14 7 

14 7 

1 S3 1 

— 4 

—06 ' 

—01 . 

1 0 

10 ; 

' 100 

13 6 

12.0 

40 

97 

131 

125 1 

1 SO 1 

-1- S 

—0 5 

—0 5 1 

! -‘- 1 

11 1 

no 

14 6 

14” 

{ 

o< 

95 

13 4 

127 1 

SS 1 

-15 

-i-ie i 

—1 5 ^ 

— 1 

12 

i 90 

120 

12” 

36 

94 i 

13 0 

12.4 ' 

' 34 1 

— 4 

—01 i 

—0 2 ‘ 

' 2 

13 

114 

13 9 

128 

34 1 

93 1 

128 

ne 

39 1 

j-18 

-11 

-‘-1 2 ‘ 

' — 5 

14 

lOS 

13 S 

127 

35 1 

10-2 

13.7 

126 

36 ! 

- 6 

-‘-01 

1 -‘•01 

— 1 

15 

109 

14 7 

125 

40 i 

104 1 

13 9 

IS” 

36 

+ 5 , 

-OS 

1 —07 

-‘- 4 

16 

! 95 

14 4 

i 13 2 

37 1 

os 1 

14 4 

13 6 

34 

— 2 

00 

1 -—0 4 

•‘- 3 

17 

i no 1 

14 9] 

I 14 5 

34 

107 ' 

14 9 

14 S 

35 j 

- s 1 

00 

I -‘-0 2 

— 1 

IS 

; 113 j 

14 5 

14 0 

i 

104 1 

13 9 

13 4 1 

So 

u. 9 1 

-0 6 

1 -0 6 

~ 6 

10 

f 103 

13 7 

12 S 

39 

, 100 1 

1 ISO 

i ISO 

SS 

— 3 

j —02 

' —0” 

- 1 

20 

02 1 

1 13 4 ; 

1 11 G 

39 

96 ' 

12.8 

1 ns 

40 

— 4 

-L0 6 

i -0 3 

— 1 

21 

95 i 

: 13 3 

12 0 

43 ! 

1 93 , 

, 13 0 

: n7 

so 1 

+ 2 

1 -0 3 

-‘-0 3 

- 4 


“3 1 

1 IS 5 1 

1 12.9 

SS 1 

' 9S ’ 

13 4 

13.2 

So 1 

O 

-01 

—03 

S 

23 


16 2 i 

i 14 0 

39 ' 

; KB , 


13 5 

S4 , 

-14 

; -16 

' -0 5 

5 

24 

100 

‘13 2 

! 120 

1 39 ' 

; 103 ' 

' 13 5 

1 12 0 

35 i 

- — s 

' —03 

' —09 

- 4 

25 

1 109 

1 14 5 

i ISE: 

1 41 ’ 

104 1 

1 13 7 

13.5 

34 

— 5 ! 

! -‘-0 8 

-0 3 


26 

i 132 

' 14 8 

' 13 7 

42 

‘ 112 

14 3 

13 5 

36 ' 

-20 

i -0 5 

j -0 2 

- 6 

27 

12S 

. 14^ 

1 13 3 

44 

! 124 

1 14 5 ! 

IS 0 

45 ‘ 

J- 4 

1 -0 3 

—03 

— 6 

2S 

S2 

, lo a 

! 12 2 ! 

58 

t 85 

ISO 1 

122 

. 39 

— 3 

! -0 5 

00 

! —1 

20 

1 ii^i 

! 14 6 

; 13 3 

40 

> 95 

12 4 

12S 

42 1 

n« 

1 

, -0 5 

- •> 

so 

122 

! 15 7 

I 13 4 

41 

1 lOS 

, 14a 

13 4 

SS 

-14 

1 -16 

00 

- i 

31 

' 100 

i ISO 

; 12 5 

SS 

1 91 

; 13 6 

! 12 6 

ST ) 

-i. 9 

! -0 3 

, —01 

i - 1 

32 

92 

1 12 5 

) 10 5 

44 

80 

' 12 3 

10 3 

oV 1 

-12 

1 -0 2 

‘ —02 

7 

S3 

iS 

ISO 

13 0 

43 

1 107 

13 5 

1 12 8 

40 

-IS 

; -0 4 

—1 1 



114 

14 0 

‘ 12 8 

47 

10-2 

ISO 

. 12 0 

S6 

-12 

-‘-14 

-0 8 

* -U 

S5 

o$ 

13 8 

' 12 4 

42 

! 104 

14 4 

, 13 3 

SS ' 

— 6 

1 —06 

—00 

t 4 

36 

122 

15 7 

14 0 

40 

1 no 

15 8 

13 9 

39 ' 

-12 

—01 

-01 

1 

04 

114 

14 6 

13 0 

40 

> 105 

14 0 

< 13 0 

42 

- 9 

1 -0 6 

00 

— /> 

SS 

132 

150 

1 128 

45 

i ns 

14 5 

127 

41 1 

-J-17 

-‘-0 5 

-01 

- 4 

Sa 

05 

13 8 

117 

47 

; oo 

131 

117 

41 , 

-L 5 

-0 7 

00 

' — 6 

40 

124 

14 7 

, 12 5 

44 

1 104 

13 9 

13 6 

37 

•i-20 

-0 8 

—11 

7 

•«1 

140 

15 o 

13 5 

40 

' 124 

14 7 

13 0 

40 

-16 

-OS 


— 9 

42 

124 

15” 

. ISO 

45 

i 103 

13 8 

12.4 

SS ! 

-21 

-14 

-0 6 


43 

S6 

iS O 

. n4 

40 

1 

131 

119 

S5 ' 

- 4 

-0 2 

' — 0 5 

— 5 

44 

109 

14 1 

' 12.S 

46 

t 102 

, 14 1 

12” 

41 

-1- 7 

00 

-0 6 


45 

lOS 

14X 

12 3 

40 

1 96 

13 6 

12^ 

SS ' 

■^12 

-‘-0 9 

—05 

-11 

46 

lOO 

13 8 

1 12.S 

42 

1 108 

1 14 0 

ISO 

41 1 

- 1 

—0” 

—02 

- 1 

47 

1 93 

13 2 

12.3 

43 

: SO 

12.6 

122 

37 

-IS 

-0 6 

-01 

— 6 

4S 

OT 

13 2 

1221 

4~ 

' 100 

13 5 

11 5 

50 ! 

— s 

-03 

-0 7 


40 

! 

14 3 


t "» 

1 — 

, *4 

14 0 

12 3 

35 ; 

-10 

-0 3 

—01 



i 109 

14 6 

' 12 5 

44 

' OS 

131 

12 J2 

41 ! 

-i-n 

-1 5 

-0 3 


51 

lOS 

14 7 

12 5 

43 

; no 

14 o 

13 2 

41 

^ _ *> 

—02 

—07 


=12 

91 

131 

10 5 


87 

125 

10 6 

54 

- 4 

-OC 

—01 

— 1 

'v> 

. 131 

15^ 

132: 

t 

1 121 

14 4 

11^ 


-10 

-OS 

-0 4 

1 


102 

13 1. 

12 5 

c* 

t 105 

13.8 

127 

, 

i 34 ' 

— s 

—02 

—0 2 



135 

15 0 

14 8 

1 41 

117 

141 

14 3 

So ' 

-IS 

-0 9 

—0 5 

- 8 

V, 

06 

12 8 

12 3 

’ 36 

ST 

12 7 

12 3 

, 32 

— 9 

-01 

00 

- 4 


— ind c’tt.s that in'pir'tion i; preate" than expiration 

— ind cates tint m'p rat on = strplkr than exp ration 
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pairs, and 1 0 cm or less in fifty-two pairs The long diameters 
differed 5 mm or less in thirty pairs, and 1 0 cm or less in forty-eight 
pairs The areas differed by 5 0 sq cm or less in twenty-two pairs, 
and by 10 0 sq cm m thirty-seven pairs Significant differences in 
size, therefore, do not usually occur during the inspiration and expira- 
tion of normal breathing But the fact that arrests attention is that 
the heart shadows are larger, that they have longer diameters and 
that during inspiration the angles increase There appears no reason 
to doubt that in certain individuals decrease in these measurements 


TABLE 4 — Differences in the Measurements Tabulated Between 
Inspiration and Expiration 


Area 


Long Diameter 


Transverse Diameter 


Angle 


Sq Cm No ot Oases 


+24 
+22 
+21 
+20 
+19 
+18 
+17 
+16 
+15 
+14 
+13 
+12 
+11 
+10 
+ 9 
+ 8 
+ 7 
+ 6 
+ 6 
+ 4 
+ 3 
+ 2 
+ 1 
0 

— 1 
— 2 

— 3 

— 4 

— 5 

— 6 

— 7 

— 8 
— 9 
—10 


1 

2 

3 
1 
1 
1 
2 
2 

4 
1 
4 
6 

2 

1 

3 ' 

3 

4 
2 
1 


22 


37 


44 


12 


Cm 


No of Oases 


Om No of Oases 


Degrees Oases 


+2 2 
+21 
+2 0 
+19 
+18 
+17 
+16 
+15 
+14 
+13 
+12 
+11 
+10 
+0 9 
+0 8 
+0 7 
+0 6 
+0 5 
+0 4 
+0 3 
+0 2 
+01 
0 

—01 
—02 
—03 
—04 
—06 
— 0 6 
—07 
—08 


30 


48 


42 


11 


+1 5 
+14 
+13 
+12 
+11 
+10 
+0 9 
+0 8 
+0 7 
+0 6 
+0 5 
+0 4 
+0 3 
+0 2 
+01 
0 

—01 
—02 
—03 
—04 
—06 
-06 
-07 
—0 8 
-09 
—13 


42 


52 


31 


19 


+11 
+10 
+ 9 
+ 8 
+ 7 


+ 

+ 

+ 

+ 

+ 

+ 


6 
6 
4 
3 
2 
1 
0 
— 1 
— 2 

— 3 

— 4 

— 6 
— 6 
— 7 


39 


14 


+ Indicates that Inspiration Is larger than expiration 
— Indicates that Inspiration Is smaller than expiration 

takes place, but the study of the roentgenograms supplies no explana- 
tion for this occurrence The reason may be sought, perhaps, in 
peculiarities in the motion of the thorax and of the diaphragm 

The comparison of roentgenograms made m normal inspiration and 
expiration then, permits the statement that the difference between the 
two IS not great, that, as is expected, the size of the heart shadow is 
usually greater in inspiration, and that, in this phase, the angle of 
inclination is usually larger For clinical purposes, therefore, as will 
be shown, in a method accompanied by variations so large, the influ- 
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ence of the phases of normal respiration on the size of the heart may 
be neglected 

The hearts were measured m 208 soldiers Although the men who 
were sent were considered by themselves and by the officers who 
selected them sound and fit for service, forty-seven had, at one time 
or another, suffered from an acute infectious disease The infections 
and the number of men affected were as shown in Table 5. Only the 
remaining 161 are considered, therefore, in this discussion (Table 1) 
For the sake of completeness and for the use of others making similar 
studies the data of the forty-seven other men are given (Tables 6 
and 7 ) 


TABLE 5 — Infectious Diseases Reported by the Rejected Soldiers 


No of 

Other 

No of 


No of 

Other 

No of 

niseaBO Oases 

niseases 

Oases 

Disease 

Oases 

Diseases 

Oases 

Typhoid fever 2 


1 

Dysentery 

2, 

also Pneumonia 

1 

Trench fever 2 



Influenza 

1 

Influenza 11, 

also Trench fever 

1 



Trench fever and gas l 

Gas poisoning 6, 

also Dysentery 

2 

Mumps 

5, 

also Gas poisoning 

1 


Pneumonia 

2 

Pneumonia 

8 



Rheumatism 

1 

1 Scarlet fever 1 

I 




Table 1 gives the following information The phase of respiration 
in which each plate was secured, whether plates of both respiratory 
phases were taken , the weight, height and age , the transverse diameter, 
the long diameter, and area of the cardiac shadow, and the angle of 
inclination Other measurements were not made, they were not con- 
sidered of special value in this study 

In order to facilitate the study of the data, these are presented in 
the form of curves Based on a study of his own ® and on a collation 
of published figures, Bardeen ® has constructed formulae from which 
he has drawn certain standard curves In these he has shown that 
the transverse diameter and the area of the cardiac shadow vary with 
the weight of the body For purposes of comparison, these so-called 
standards are utilized in the following discussion 

The transverse diameter of the heart is considered first In Bar- 
deen’s curve this diameter at 53 kg is 12 0 cm (Fig 1) From this 
point, the curve follows practically a straight line The curve obtained 
in this study from the average measurements of soldiers, follows this 
with reasonable closeness Between 56 and 66 kg and at 74, 75, 77 
83 and 86 kg the averages are below the standard Elsewhere, they 
equal or exceed it The differences are not sufficiently great to justify 
a conclusion that in respect to this dimension the hearts of the soldiers 
examined differ materially from the normal The result of the exam- 
inations made by Smith ° parallel these observations closely Those 


Tables for Aid m the Determination of the Relative Si/e 
of the Heart by Means of the Roentgen Raj, Am. J Roentgenol 4 604, 1917 





TABLE 6 — ^Data and Measurements of the Hearts of 
THE Soldiers Rejected 


No 

Phase 

Res 

pira 

tlon 

P 

Weight, 

Kg 

Height, 

Cm 

Age, 

Trs 

Trans 

verse 

Diam 

etCT, 

Cm 

Long 

Diam- 

eter, 

Cm 

Area, 

Sq 

Cm 

Angle, 

De- 

grees 

Notes 

1 

I 


54 

167 

25 

11 5 

12 9 

103 

50 

Typhoid fever 

2 

I 

+ 

57 

172 

20 

12 0 

13 3 

95 

43 

Influenza, trench 
fever 

s 

? 


58 

165 

25 

13 3 

14 7 

132 

40 

Influenza 

i 

I 

+ 

58 

164 

25 

13 3 

14 8 

128 

44 

Gas 

5 

I 

58 

161 

20 

12 4 

13 0 

96 

43 

Pneumonia 

6, 

I 


58 

172 

21 

115 

13 6 

105 

54 

Gas 

7 

I 


59 

■■ 

24 

10 3 

13 8 

115 

59 

Influenza 

8 

I 

+ 

60 

167 

26 

124 

13 8 

98 

42 

Gas, dysentery 

9 

_ 

I 

-J- 

60 

163 

22 

12 8 

13 8 

109 

42 

Rheumatism, gas 


I 


61 

170 

26 

129 

14 2 

97 

39 

Dysentery 

11 

I 


61 

168 

21 

112 

131 

88 

44 

Mumps, gas 

12 

I 


61 

173 

22 

12 3 

14 5 

128 

48 

Gas, dysentery 

13 

I 


62 

165 

25 

13 7 

15 4 

134 

40 

Mumps 

14 

I 


62 

161 

29 

12 5 

14 2 

110 

42 

Gas 

15 

I 

+ 

63 

162 

19 

12 7 

12 2 

88 


Typhoid 

16 

E 


63 

171 

23 

11 5 

126 



Mumps 

17 

I 


63 

174 

26 

120 

13 8 



Gas 

18 

I 


63 

174 

23 

110 

12 7 



Dysentery, pneu- 
monia 

19 

I 


63 

175 

24 

12 9 

15 4 

131 


Gas, pneumonia 

20 

I 

4" 

64 

162 

22 

13 8 

14 5 

109 

41 

Mumps 

21 

n 

+ 

65 

169 


14 0 

14 5 

113 

41 

Mumps— Sidneys ? 

22 

H 

+ 

65 

171 


13 7 

14 8 

132 

42 

Dysentery, gas, 
trench fever 

23 

N 

+ 

66 

178 

29 

12 5 


109 

40 

Influenza 

24 

I 


66 

176 

25 

12 4 


131 

57 

Dysentery, mfiu 
enza 

23 

I 

+ 

67 

168 

34 

13 3 

14 1 


32 

Influenza 

26 

I 


67 

172 

24 

11 8 

13 6 

no 

47 

Pneumonia 

27 

I 


67 

173 

23 

12 8 

151 

124 

47 

Dysentery 

28 

E 


67 

172 

33 


13 9 

104 

40 

Influenza 

29 

I 


67 

179 

21 

128 

14 7 

119 

44 

Influenza 

30 

N 


68 

167 

31 

13 9 

14 4 

102 

35 

Gas, pneumonia' 

31 

I 

+ 

69 

165 

32 

13 0 

13 0 

95 

35 

Influenza 

32 

I 

+ 

1 69 

173 

26 

13 4 

15 7 

122 

41 

Trench fever 

S3 

I 


i 70 

173 

19 

14 7 

15 2 

125 

42 

Gas 

34 

' I 


1 70 

175 

22 

14 0 

14 6 

122 

44 

Trench fever 

35 

’ I 


' 71 

173 

23 

13 8 

15 2 



Influenza 

3(> 

I 


72 


1^ 

15 5 

16 4 

136 

37 

Influenza 

37 

I 


72 


m 

118 

13 6 

115 

51 

Gas 

38 

I 

1 + 

73 

173 

23 

13 7 

15 0 

101 

33 

Scaret fever 

39 

I 

1 

74 

176 

22 

13 8 

14 8 


34 

Influenza 

40 

I 

! 

( 74 

163 

31 

13 5 

14 6 


33 

Influenz i 

41 

I 

1 + 

74 

176 

1 26 

1 

14 0 

16 2 


39 

Pneumonia 

42 

1 I 


75 

172 

29 

14 2 

14 3 

113 



43 

I 


75 

163 

‘ 28 

14 4 

15 8 

125 



44 

1 I ? 

+ 

76 

176 

j 20 



90 

36 

Pneumonia 

45 

1 ^ 

i 

1 

SO 

183 

1 

14 3 

14 5 

103 

35 

Pneumonia 

40 

i I 

1 

82 

171 

32 

13 7 

14 5 

120 

42 

Pneumonia 

47 

' ^ 

1 - 

SO 

170 


12 8 

13 9 

114 

34 

Mumps 


Column 2 fcnt-S the plnse of rcspintion in which the e-\.posurc is nude 
Column 3 indicates (— ) w-hether e-eposures were obtained both m inspiration and 
c\pirution 

Columns •} "> C give the weight, height, and age 

Columns 7 S, a and 10 giee the trinsversc diameter, the long diameter, the area of the 
eardi ic shadow and the cardiac angle 
Column 11 givc' note' of intere-t 
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Fig 1 — The Transverse Diameter — ^The ordinates give the diameter, the 
abscissae the body weight Below the curv^es is stated at each weight the 
number of cases examined at that weight, on which the average is based The 
vertical lines represent the range of obsen^ations at that weight, the short 
oblique or horizontal lines w'hich cross these indicate the measurement of 
each case examined For comparison the standard cur\e of Bardeen is given 
Smith’s curte is likewise shown X indicates Meakin’s and Gunson’s average 
measurement of the hearts of ’’irritable soldiers’ 


kg5354555657585960 6t 62 636465e6 67 66 69 70 7I'ET3 74 7576Tr7ST3 60 81 62638485 86 6T 



Fig 2— The Transverse Diameter — The ordinates give the diameter, the 
abscissae the bod v weight The dotted line represents Dietlens civilians ” The 
heavj broken line represents Schieffer’s soldiers For comparison the light 
unbroken line representing the standard curve of Bardeen is given and the 
heavv line represents Dietlen’s civilians The vertical lines at each weikt reore- 

sent the range ot D.etlen’s obsenafona; s x, the range for sobers , 

o - o, uie range for civ ilians Below the curv e at each vv eight is stated 
the number of observations at that weight, on which the average is based 
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made by Meakins and Gunson® are, on the whole, smaller than the 
foregoing, but their measurements were taken of the hearts of soldiers 
who suffered from the “Irritable Heart” Dietlen’s^® figures (Fig 2), 
on the other hand, both for soldiers and civilians, are a little larger, 
those for soldiers falling at every weight above the standard, those 
for civilians falling below it five times" Schieffer’s^^ curve (Fig 2), 
based on the examination of soldiers in Moritz’s clinic, is, on the whole, 
farther still above the standard , once it coincides with it, and twice it 
falls below it 


TABLE 7 — ^Averages of Table 6 


2\o of 
Cases 

Weight, 

Kg 

Height, 

Cm 

^ Age, 

Trs 

Transverse 

Diameter, 

Cm 

Long 

Diameter, 

Cm 

Area, 

Sq Cm 

Angle, 

Degrees 

1 

54 

167 

25 

11 5 

12 9 

103 

50 

1 

57 

172 

20 

12 0 

13 3 

95 

43 

4 

58 

165 

22 

12 6 

14 0 

115 

45 

1 

59 

172 

24 

10 3 

13 8 

115 

59 

2 

60 

165 

24 

12 6 

13 8 

103 

42 

3 

61 

172 

23 

121 

13 9 

104 

40 

2 

62 

163 

27 

131 

14 8 

124 

41 

5 

1 63 

171 

23 

12 0 

13 3 

104 

45 

1 

64 

162 

22 

13 8 

14 5 

109 

41 

2 

65 

170 

26 

13 8 

14 6 

122 

41 

2 

66 

177 

27 

124 

15 2 

120 

48 

5 

67 

172 

27 

12 7 

14 2 

112 

42 

1 

68 

167 

31 

13 9 

14 4 

102 

35 

2 

69 

169 

29 

13 2 

14 3 

lOS 

38 

2 

70 

174 

20 

14 3 

14 9 

123 

43 

1 

71 ' 

173 

23 

13 8 

15 2 

103 

88 

2 

72 

173 

24 

13 6 

15 0 

125 

44 

1 

73 

173 

23 

13 7 

15 0 

101 

S3 

3 

74 

171 

26 

13 7 

15 2 

122 

35 

2 

75 

167 

28 

14 3 

15 0 

119 

44 

1 

76 

176 

26 

12 2 

12 9 

90 

36 

1 

80 

183 

23 

14 3 

14 5 

103 

35 

1 

82 

171 

32 j 

13 7 

14 5 

120 

42 

1 

86 

176 

25 ! 

12 8 

13 9 

1 

114 

34 

1 


Inasmuch as only the transverse diameter may be measured in an 
objective manner, being alone uninfluenced by the shadows of other 
viscera, especial importance is attached to this measurement That 
divergencies appear in the several curves presented is not of so much 
interest as that the similarity is significant Although in each series 
of examinations (Dietlen, Schieffer, Meakins and Gunson, Smith, 
Cohn) the number at each weight examined was not great, the curves 
show that at succeeding weights a gradual, even if not uniform, 

9 Meakins, J C , and Gunson, E B Orthodiagraphic Observations on the 
Size of the Heart in Cases of So-Called “Irritable Heart,” Heart 7 1, 1918 

10 Dietlen, H Ueber Grosse und Lage des normalen Herzens und ihre 
Abhangigkeit von physiologischen Bedingungen, Deutsch Arch f klin Med 
88 55, 1906 

11 Schieffer Ueber den Einfluss des Militardienstes auf die Herzgrosse, 
Deutsch Arch f klin Med 92 392, 1908 
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increase m length of this diameter occurs Since these cur\es are 
based on a\erages, the range of the individual measurements which 
form the bases of tliem requires consideration Bardeen s standard 
cur\e. it will be remembered, is constructed from a formula. The 
u idest ranges obsen ed in the present study were 3 5 cm at 63 kg. 
(11 cases) 5 3 8 cm at 69 kg (12 cases) and 5 0 cm at 75 kg (8 cases) 
But at 63 kg , 8 of 11 cases fdl withm 2 0 cm , at 69 kg . 7 of 12 cases 
fell \\ithin 1 2 cm , at 75 kg , 5 of 8 cases fell within 1 2 cm The 
ranges uhich are usual are, therefore, not wide. In Dietlen s fifty-nine 
soldiers these n ere, for example at 53 kg , 1 5 cm ; at 54 kg 1 2 cm ; 
at 58 kg , 2 1 cm , at 60 kg , 1 6 cm , at 62 kg . 1 8 cm ; at 63 kg , 
15 cm at 65 kg 04 cm If the cmlians are included the}'^ were at 
53 kg , 2 8 cm . at 54 kg , 2 5 cm ; at 58 kg , 2 1 cm , at 60 kg , 3 9 cm , 
at 62 kg 3 3 cm at 63 kg , 1 8 cm * at 65 kg 1 8 cm 



Fig 3 — ^The Long Diameter — ^The ordinates gl^e tlie diameter, the abscissae 
the body weight The unbroken line represents the cur\e of the present obser- 
lations Those of Smith are guen for comparison The number of men 
examined at each weignt is the same as in Cuiwe 1 

The curse of the a\erage long diameter is compared nith the 
curce obtained b}* Smith (Fig 3). The two approximate each other 
closely The difficulty of locating the apex precisely m the photo- 
graphic plate makes the estimation of the long diameter inexact The 
same difficulty is exjierienced in outlining and measunng the area of 
the heart s shadow It is, therefore considered under tliat head 

To delimit the area of the cardiac shadow requires that the extrem- 
ities of the lines representing tlie right and left borders of the heart be 
joined by cun ed lines dranm arbitranly With expenence these lines 
are probably drama by different obseri ers in a consistent manner, but 
no doubt eacli obsen-er draws them differently The outlme, as Bar- 
deen = points out. " will include within the territori' of the heart tiie 
nght and left atna and the cardiac extremity of the pulmonary' arter\’ 
and of the aorta. A small portion of the left auncle may be cut off 
by the line that cur\*es to^\ard the nght from the left borir. but as a 
nile this is insignificant ’ The outline is, therefore, as Bardeen sai s. 
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a modified outline of the heart But the completed outline fails m 
exact representation also because of the difficulty, indeed, often 
because of the impossibility, of locating the apex in certain individuals 
On being able to locate this point accurately depends the value of the 
measurement, both of the long diameter and of the area Although 
the subject of heart disease is not considered m this paper, it may be 
pointed out that this difficulty is increased further in cases of heart 
failure, because the maneuver of exposing by deep breathing a length 
of the left border of the heart shadow sufficiently great to insure 
accuracy is often extremely difficult Mention is made here of heart 
failure because a technic for the study of the size of the heart in this 
condition and m the stages which lead to it is a matter of concern in 
the clinic, where criteria for judging of size are earnestly wanted Foi 
this reason, and m order to avoid the exaggeration m size due to deep 
breathing, the method of breathing while securing the roentgenograms 
was modified In addition to the difficulty of locating the apex, the 
method of completing the outline from the apex to the right border 
also varies, as has been said, with individual observers In this study, 
for instance, the lower outline was drawn in a conservative manner 
so that the cardiac area was less by several square centimeters than 
that which might have been obtained Making exposures during 
normal breathing tended to increase this reduction, as the studies on 
the effect of deep breathing show But, as has been pointed out, 
photographing m deep inspiration occasions an error in the other direc- 
tion , it permits an increase in the volume of blood in the heart, and, 
consequently, in the area of its shadow, especially m the initial phase 
when the breath is held Caution in respect to two other points should 
be expressed in considering the significance of this outline for clinical 
purposes First, the line beginning at the junction of the right border 
with the diaphragm follows along the right border and passes beyond to 
the point where it joins the upper extremity of the left border, includ- 
ing within the outline most of the auricles and portions of the great 
vessels This line does not follow or represent the ventricles Second, 
the line joining the lower ends of the two borders, about the precise 
drawing of which, as has been said, there is the greater difficulty, is 
concerned with outlining the margin of one ventricle — the right ven- 
tricle Of the entire cardiac shadow, therefore, only the line of the left 
border, and indeed, only a portion of this line, accurately follows a ven- 
tricular structure It is, of course, appreciated that what has been said 
of the line of the right border applies to the -value of the transverse 
diameter as well as to that of the area of the completed outline No 
attempt is made at this time to estimate the precise importance of these 
points, they are matters which require consideration m the study of 
the abnormal heart 
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Althous'h the results depend on these \arrble lactors the cur\e' 
(Fig basea on the a*.eraged obsen-ations of the area of the heart's 
shroow show surprising similarities Tne sianclard curve constrocteo 
according to Bardeen s formula is shov.-n for companson The low er- 
most curve reoresents the a^erage5 of the observations oDtained in 
this stud} Except for the single observation at 55 kg the curve hes 
oelow the standard This position is expected in part because the 
measurements were made from plates taken in the standing position 
Curves based on the measurement of shadows obtained as was the 
standard curve in the sitting position have higher values Bardeen 
estimates the reduction ixi size resulting from clianging from the prone 



Fig 4 The Area ot Uie CarQiac Shaoow — The ordinates giv e the area in 
tq cm the abscissae the body weight. Below the curves is'^ stated at each 
w eignt the iiiimber ox xnen exatnined at that w eight on wnicn the av crane is 
based The vertical rnes represent the range of observations at that weignr- 
the short oblique lines which cross tnese indicate the measurement of each 
case e-vammea Opposite tlie short lines is placea the height of that individual 
The lowest curve represents the average measurements actually observed m 
the standing position Tne curve above and parallel with tins "is a corrected 
curve^ giving the estimated area m the sitting position 7 3 per cent, being 
aaced to tl e lower curve. For comparison tne standarc curve of Bardeen 
(t’e third curve from below upwara) is g’ven. The uppermost curve "ives 
tne avemge height of the men e-xamined ^ - 


to the sitting position to be from 5 to 7 per cent . and the reauenon 
trom the prone to the strnaing position 13 5 per cent From the 
sitting to the standing pos'tion a reduction therefore, of 7 3 per cent. 
IS expected .\ correction ot 7 3 per cent w-as therefore made Tne 
curve so corrected approximates the standard curve. The corrected 
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curve then exceeds the standard cur\e eleven times (53, 55, 56, 57, 59, 
62, 65, 68, 69, 72, 77 kg ) , it falls below it seventeen times (54, 58, 60, 
61, 63, 64, 66, 67, 70, 71, 73, 74, 75, 76, 78, 83, 86 kg ) 

It IS important also to consider the range of observation at each 
weight from which the average cur\es are constructed, especially m 
applying data to the problem of the individual case In the present 
study (Fig 4 and Table 8) the greatest range is 64 sq cm at 74 kg 
(seven cases) , the smallest is 2 0 sq cm at 77 kg (two cases) At 


TABLE 8 — Body Weight According to Range of Cardiac Area 


Range, | 
Sq Cm 

Weight in Kg 

Range, 

Sq Cm 

j 

i 

Weight in Kg 

Cohn 

Schififlier | 

Dietleii 

Cohn 

Schiefler 

Dietlen 

66 

74 

1 1 


24 

59 

61 

63 

62 I 

— 

63 

— 

23 

75 j 

— 

— 

49 

64 

1 1 


22 

1 54 

63 

— 

46 

' 63 

1 ' 

— 

21 j 

1 61 

— 

— 

45 

67, 71 1 

— 

— 

20 

— 

55 

64, 70 

42 

— 

60 

— 

19 1 

1 

— 

58, 55, 78 

41 

68 

— 

— 

18 ' 

' 58 

64,71 

56 

41/ 

72 

' 

— 

17 

1 

75 

66 <' 

39 

1 69 

' 

— 

16 

— 


54, 72 

38 

t 

69 

— 

15 

— 

57 

— 

36 

, 

— 

52 

14 

GO 

— 

— 

34 

i 66 

62, 56 1 

— 

11 

— 

59 

I 59 

33 

— 

65 66 1 

— 

10 

57 

— 

— 

32 

1 

68 1 

— 

9 

73 

— 

— 

31 

' 62 65 , 

1 

— 

8 

53 

— 

— 

29 

1 

— 

60 62 

7 

83 

1 ^ 

84 

28 

1 56 

70 

58 

5 

— 

52 


27 

— 

— 

57 61,68 

3 

78 

— 

71 

26 

70 

58 ' 

65 

2 1 

77 

— 

— 

25 


67 j 


; t 





TABLE 9— Range of Cardiac Area of the Greater Number of Cases at 
Weights where the Greatest Ranges Occurred 


Range, Sq Cm Weight, Kg 


66 

74 

49 

64 

45 

71 

45 

67 

46 

63 

41 

68 

40 

72 

40 

69 

34 

66 

31 

65 

31 

62 

28 

56 


Range of Greater Number of Cases 


4 of the 7 cases within 5 sq cm 

5 of the 10 cases within 10 sq cm 

5 of the 8 cases within 17 sq cm 

6 of the 10 cases within 20 sq cm 

7 of the 11 cases within 15 sq cm 

5 of the 10 cases within 8 sq cm 

6 of the 9 cases within 12 sq cm 

7 of the 12 cases within 18 sq cm 

Scattered through entire range 

5 of the 9 cases within 10 sq cm 

3 of the 6 cases within 4 sq cm 

2 of the 4 cases within 9 sq cm 


eight weights (53, 57, 58, 60, 73, 77, 78, 83 kg ) the range is less than 

20 sq cm , it is between 21 and 30 sq cm in six instances (54, 56, 

59, 61, 70, 75 kg ) , between 31 and 40 sq cm in five instances (62, 65, 

66, 69, 72 kg ) , between 41 and 50 sq cm in five instances (63, 64, 

67, 68, 71 kg ), and once it is 66 sq cm (74 kg ) But where the 

range is greatest, as at 74 kg , four of the seven cases actually he within 
5 sq cm (Table 9) At other w'eights, hkewuse where the range is 
wide, the occasional case rather than the greater number, is responsible 
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for the wide limits The range does not appear to be influenced by 
the n eight (Table 10) For comparison the data of Dietlen and 
Schieffer are added 

A comparison of this result mth the results obtained by others is 
instructu e The data published by Dietlen Schieffer, Bardeen," 
and Smith ® have, therefore, been arranged in cur\ es in the same way 
Dietlen's data include measurements of both soldiers and of male 
civilians Separate cur\es for these tuo classes ha\e been made 
Arranged in this manner (Fig 5), Bardeens cun^e being included for 
comparison the cun,-e for soldiers coincides with the standard twice 
(54, 67) , it lies abo^e it thirteen times (52, 53, 56. 58 59. 61, 63, 66, 


kg£^35155S5r 58 5^60U62636i65£6 67eS6^^0^] 72 73 74 75 75 77 78 79 SO 81 82 63 64 85 
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Fig 5 — ^Tlie Area of the Cardiac Shadow Based on Dietlen’s Tables — 
Ordinates and abscissae as in Ctine 4 Below tlie curve is stated at each 
w'eight tlie number of soldiers and of cnilian males examined at that weight, 
on which the a7erage is based The Acrtical lines represent the range of 

obseiwations at eadi weight o o represents the range for cnil- 

X X represents the range tor soldiers The standard curve 

of Bardeen is gnen for comparison 


68 69, 71 74, 76 kg ) . and below it eight tunes (55, 60, 62, 65 72, 
78 83 kg ) On the uhole, tlierefore, it lies above rather than below 
The cim^e for male civilians coincides with the standard twice (53, 
63 kg). It lies abote it nine times (55. 56 57 58. 59, 61, 69, 71 , 
75 kg ) , and below it thirteen times (54 60, 62. 64, 65, 66 68 70 72, 
78 SO, 84, 85 kg ) This curv'e on the \\hole then, lies below it The 
soldiers' cuiwe accordingly represents slightly larger hearts than that 
for cnihans And it exceeds the curre resulting from the present 
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study With three exceptions Schiefter’s curve (Fig 6) lies uniformly 
above the standard and represents hearts laigei than those in Dietlen’s 
curve Smith’s curve (Fig 7 ) follows the standard closely It coin- 
cides with it seven times, falls below it twenty-two times and exceeds 
it once 

Interesting as is the comparison of the present curve with Bar- 
deen’s standard and the other curves, of greater impoitance is a con- 
sideration of the range The ranges found by Dietlen extend from 3 to 
36 sq cm (Fig 5 and Table 8), and those found by Schiefter from 5 
to 62 sq cm (Fig 6 and Table 8) The widest range given by Smith 
IS 11 0 sq cm (Fig 7) It would be interesting to know the range of 



Fig 6 — The Area of the Cardiac Shadow Based on Schieifer’s Table — 
Ordinates and abscissae as in Curie 4 Below the curve is stated at each 
weight the number of soldiers evammed at that weight, on is Inch the average 
IS based The vertical lines represent the range of observations at each weight 
The standard curve of Bardeen is given for comparison 

observed aieas at each weight in Bardeen’s cases, but this information 
is not given m his papers He gives, however, the average percentage 
of divergence from the standard curves for each 10 kg of body weight 
for athletes Between 51 and 60 kg the deviation of the average area 
was 4 6 per cent. (B, Fig 8) below the standard , between 61 and 70 kg 
It was 4 4 per cent above , between 71 and 80 kg it was 2 7 per cent 
above, and between 81 and 90 kg it was 2 9 per cent below For com- 
parison the deviations from the standard found in the study now pre- 
sented are arranged in the same manner (C, Fig 8) The percentage 
IS based on the curve corrected for position of the body For corre- 
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Fig 7 — ^The Area of the Cardiac Shadow Based on Smith’s Curve and 
Tables — Ordinates and abscissae as in Ciiri e 4 The vertical lines represent the 
range of measurements at each weight The standard curve of Bardeen is given 
tor comparison 


53 54 55 56 57 58 59 60 61 62 63 64 63 66 CT 68 68 10 71 72 73 74 75 76 77 78 79 80 81 82 63 84 85 86 87 



Fig 8— The standard curve of Bardeen is given The a\erage areas of the 
men examined at weights between 51 and 60, 61 and 70, 71 and 80, 81 and 90 
have been inserted for the series now presented (C) and for the figures pub- 
lished by Bardeen (B) Opposite each is given the percentage deviation from 
the standard curve 
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spending weights they are 6 6 pei cent above, coincident with the 
standard, 6 8 per cent below, and 13 8 per cent below 


TABLE 10 — Range of Cardiac Are^ According to Body Wficht 


Bange 



Cohn 

Schiefler 

Dietlen 

52 


5 sq cm 

36 sq cm 

53 

8 sq cm 

22 

19 

54 

22 Bq cm 1 

1 case 

16 

65 

1 case 

20 sq cm 

19 

56 

28 sq cm 

34 

18 

57 

10 

15 

27 

58 

18 

26 

28 

59 

24 

11 

11 

60 

14 

42 

29 

61 

21 

24 

27 

62 

31 

34 

29 

63 

46 

62 

24 

64 

49 

18 

20 

65 

31 

33 

26 

66 

34 

33 

17 

67 

45 

25 


68 

41 

32 

27 

69 

39 

38 

1 case 

70 

26 

28 

20 sq cm 

71 

' 45 

18 

8 

72 

40 


16 

73 

9 



74 

66 

1 case 

1 case 

75 

23 

17 sq cm 

1 case 

76 

1 case 


1 case 

77 

2 sq cm 

1 case 


78 

3 

1 case 

19 sq cm 

79 


1 cose 


80 


1 case 

1 case 

81 




82 

1 

1 case 


83 

7 


1 case 

84 



7sq cm 

85 



1 case 

86 

1 case 

1 case 


87 

1 

1 case 



The curves, then, all show a progressive, even if irregular, increase 
in the area of the heart’s shadow The usefulness of so-called standard 
curves, constructed from observed averages, depends, however, on 
the closeness with which the measurements of the individuals observed, 
approximate to these curves Here there is a difficulty, for the wide 
range of the measurements reduces the value of the average figures 
This difficulty apparently does not depend on the technic nor on the 
indn idual observ'er, for it appears in the curves of each 

It has been shown by Dietlen and others that the heart increases 
111 size with the body height This result is expected because of the 
usual relation of height to weight In general therefore, the curves 
plotted for weight and for height should be similar The heights of 
these 161 soldiers have been averaged and plotted at each kilogram of 
weight (Fig 4) At 53 kg the height is 153 cm From here the curve 
ascends not quite m a regular fashion to 83 kg where the height is 
180 cm The height of each individual examined has also been intro- 
duced m the curve (Fig 4) on the vertical lines representing range. 
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opposite the point indicating the aiea of the caidiac shadow of each 
individual The heights at each weight as the cuivc shows vaiy 
thiough an extended lange (Table 11) Undei these circumstances, 
the suggestion quoted by Schicfler that the aica is niimeiically equal 
to the height less SO, is scarcely tenable 


TABLE 11 — Rangl oi Huoiit \t Vakious Body Weights 


IIclRlVt, 

Cm 

WolRht, 

Ke 

noiKht, 

Oin 

WclRht, 

IvR 

Height, 

I Cm 

Weight, 

htr 

21 i 

CO ! 

11 

70. 72 

1 ® 


20 

71 

IS 

05 

1 7 


18 

OG 

12 

57 

' 5 


17 

(it 

‘ 11 

OS OS, 71 

7 


15 

m, 01. C7, GO 

10 

02, 75 

1 i> 

1 



Finally, the relation of the angle of caidiac inclination to othei 
measurements has been studied, but theie appeals to be no lulc i elat- 
ing this to the weight, height, oi to any othei mcasmement The 
intioduction of the use of the angle to expiess what is now indicated 
by the phiascs “tiansverscly lying heait” oi “veitically hanging heart” 
01 “pendulous hcait” may, howevei, simplify lefeicnce to this phase 
of physical examination 


SUMMARY AND DISCUSSION 

The attempt was made in this study to leain the sire, in compaii- 
son with that of civilians, of the heaits of soldieis who had undcigone 
the exeition of actual waifaic The data of soldieis available foi 
conipaiison aie those of Dietlen, SchiefTer and Meakins and Gunson, 
and foi civilians those of Dietlen Dictlcn’s cuive foi aiea in gcneial 
resembles Baidcen’s standaid, Schicflei’s exceeds it, the one now 
presented is a little below it The diffeiences among the thiee aie 
piobably due to diflciences in technic of the obseiveis For tians- 
veisc diameteis, Dictlen’s cuive lies above Baidccn's standaid, the 
piesent one lies below it Scliieflci’s cuive is highei than Dietlen’s 
If allowance wcie made (13 pci cent ) foi the difterences between the 
lying and the standing position, the piesent curve would exceed Diet- 
len s and equal Schieflei s The cuives foi aiea and tiansveise duim- 
etcis given by Dietlen for civilians diflei slightly, but not nicitenally, 
fiom those of soldieis The cuivcs, thcicfoie, do not indicate that 
soldieis exposed as wcie these, exhibit laigci heaits than noimal indi- 
viduals Against this conclusion must be set the post-mortem figuies 
given by Kaisnei for the heaits of Biitish soldieis who wcie 27 
yeais of age, and who had seived twenty-two months These weie 


12 Kai Slier, H 
mg Notes of Heait 
22 296, 1918 


T 


Acute Eiidocaicbbs Folloivuig Wai Wounds, Includ- 
eight and ‘\i tenosclerosis m Soldieis. Arch Int Med 
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larger than the controls If the requirements set by Karsner are 
sound, enlargement may not be expected in our soldiers whose average 
age was 24 and whose length of service was usually less than twenty- 
two months Furthermore, the examinations here reported were con- 
ducted in May, 1919, six months after the cessation of hostilities 
Although within that period many had undergone severe exertion, the 
amount of work they performed probably decreased A diminution in 
size of the heart from the maximum reached in November, 1918, may 
have taken place, but no data are available to indicate whether decreas- 
ing the amount of work affects the subsequent size of the heart 

The technic differed from that usually employed in that the plates 
were taken for the most part during normal inspiration There is a 
twofold reason for this , first, it avoids the increase of the heart’s size 
which occuis during deep inspiration A more neaily normal heart is 
photographed Second, it is more likely to provide a standard against 
which the pathologic heart may be measured For, as has been pointed 
out, in increasing heart failure, it becomes progressively more difficult 
to utilize the method which obliges the subject to breathe deeply and 
to hold the breath The technic here employed does not require hold- 
ing the breath and avoids the artificially large heart There would 
probably be no objection to this alteiation in technic were it not that 
exposures made m deep breathing lighten the lung fields, so permitting 
a sharper image of the heart, and expose in certain individuals, espe- 
cially those in whom the angle of inclination of the heart is small, a 
greater extent of the heart’s outlines In the last point there is force 
It IS not, however, so cogent a reason as it appears to be, for deep 
breathing aids in locating the apex of the heart and m drawing the 
long diameter and the area But these measurements are not superioi 
m value to the transverse diameter, for this diameter increases with 
the body weight as do the others, it show^s no greater variation at each 
w^eight, and it can be taken accurately wnthout reference to respiration, 
and in any case involves no uncertainty such as is necessary in locating 
the apex and drawnng the line indicating the border of the right 
ventricle 

The value for the present of so-called standard and average curves 
of cardiac measurements for use in the clinic is questioned For this 
reason the range of the measurements for given weights has been 
emphasized The difficulty in the use of these curves is illustrated in 
comparing the cardiac area of a soldier w'eighing 54 kg with that of 
one weighing 86 kg The areas of the twm (Curve 4) are 108 sq cm 
and 110, respectively And, again, in comparing the cardiac area of 
a soldier w'eighing 56 kg wnth one w’^eighing 83 kg , the areas of both 
being 120 sq cm Similar comparisons can be made m Dietlen’s and 
Schieffer’s curves (Figs 5 and 6) For the clinic curves of this nature 
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do not solve the problem of supplying adequate criteria for judging 
the normality of a given heart There is, still, necessity for more than 
a single criterion, such as size In other connections these cun'es have 
a signal usefulness, they may, indeed, sene as bases for studies, in 
uhich, combined vith other factors, satisfactory criteria for clinical 
use will be evolved 

COKCLUSIOXS 

1 In normal breathing the difference m the size of the heart during 
inspiration and expiration may be neglected 

2 The use of the transverse diameter of the heart shadow is a 
satisfactory measurement It is as useful as and less uncertam than the 
long diameter or the area 

3 The range of the observed measurements interferes with the 
usefulness for the clinic of standard and av erage curves 

4 The hearts of soldiers examined under conditions stated are 
not larger than those of normal individuals 



TELEROENTGEN MEASUREMENTS OF THE HEARTS OF 

NORMAL SOLDIERS'^ 


BERTNARD SMITH, MD 

LOS ANGELES 

Teleroentgen measurements weie made on 277 men selected from 
the orthopedic service for the purpose of securing statistics on the 
heart size of soldiers who had had active fighting service overseas 
Only those men were selected for this study who had been free from 
cardiac symptoms during their period of military service and who had 
had no infectious disease since entering the army Each man whose 
measurements are reported had completed his training without diffi- 
culty, had taken full part in forced marches overseas and had had at 
least three months of active fighting Most of the measurements were 
taken immediately before the men were discharged from the hospilal 
and all the patients were well ad^ anced m convalescence 

The same technic was followed throughout the series All plates 
were from one to four seconds’ duration, depending on the thickness 
from the plate The upright of the tube stand was ruled in inches to 
correspond to the scale on the screen stand, and with plumbhne mark- 
ings for the lateral position of the tube, the adjustment to a position 
opposite the center of the plate could be made easily and quickly 
When m position, facing the plate, the subject took a deep breath and 
then exhaled as completely as possible After this he took a “half 
breath” on command and this was held for the exposure Exposures 
were from one to four seconds’ duration, depending on the thickness 
of the chest wall 

Report of studies made on the Cardiovascular Service, U S Army Gen- 
eral Hospital No 9, Lakewood, N J 

Note — The influence of work, such as military campaigning or training for 
athletic competition, on the size of the heart is still not satisfactorily known 
It seemed unwise, therefore, to neglect the opportunity to study exactly the 
size of the hearts of soldiers after the campaign m France To be most ser- 
\iceable, the study should have been made in France in November, 1918 
Unfortunate^, proper facilities for doing the work were not available Although 
less satisfactory, it was decided that information of sufficient usefulness could 
still be obtained after the return of troops to the United States A number 
of soldiers were, therefore, examined simultaneously at U S General Hos- 
pital No 9, at Lakewood, N T and at the Rockefeller Institute The results 
of these studies are given in these papers by B Smith and A E Cohn 
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From the roentgenograms obtained m this way the following mea- 
surements w’ere made 

1 Ml Distance from the midlme to the most distant left border 

2 Mr Distance from tlie midline to the most distant right border 

3 TD The sum of Ml and Mr has been taken for the value of the 

trans\erse diameter 

4 LD The maximum long diameter, measured from tlie right auricular 

notch to the most distant apical border 

5 B D The maximum broad diameter measured at right angles from the 

long diameter to the most distant borders aboNC and below 

6 The angle formed by tlie transierse and long diameters 

7 Diameter of the aortic arch 

8 The parallel ray silhoutte area," estimated with the plammeter From 

this area the lolume was calculated by Bardeen’s formula" 

In Table 1 the figures for transverse diameters, long diameter and 
areas are compared with the Dietlen ^ and Bardeen ^ tables for normals 
Dietlen’s figures w^ere obtained by the orthodiagraphic method, wnth 
the subjects recumbent, and the Bardeen measurements were made wuth 
the subjects in the sitting position Bardeen states that the transveise 
diameter is about 7 per cent less for the standing than for the lecum- 
bent position This possible ^arlatlon with a difference of position has 
not been considered in the tables of this report, but the figures given 
are the measurements as made from the plates The Bardeen figures 
in Table 1 are the approximate values for the ranges of weight 


TABLE 1 — CoMPAsisoK of Diameters akd Area with the Dietlex 

AND Bardeen Normals 


Weight 

} 

Soldiers 

i 

i 


Dietlen Table 


Bardeen Table 











Kg 

Cases 1 

T D, , 
Cm 

L D , 
Cm 

> Vrea, 
Cm ' 

Cases 

T D, 1 
Cm 

D D , 
Cm 

1 Area, 

1 Sq Cm 

T D, 
Cm 

1 Area, 
Sq Cm 

55-3*1 

40 

12 5 

13 6 

lU 

( 39 

12 9 

14 0 

1 112 

12 4 


co-et 

S2 

121 

13 9 

113 

64 

131 

141 

' 114 1 

12 7 


65-69 

61 

131 

141 

118 

24 

13 2 

14 5 

i 118 

13 0 


70-T4 

50 

13 5 

14 6 

127 

i IS 

13 4 

14 S 1 

1 122 ’ 

13 4 


75-79 

35 

13 7 

14 5 

ISl 

i 5 

14 3 

15 5 

131 

13 7 


SO-Bi 

9 

13 7 

14 7 

135 

I 5 

14 4 

15 3 ' 

i 133 ' 

1 

14 0 



The figures for diameter and area from the soldiers are all w^ell 
within the normal range If the measurements are averaged for the 
ranges in body w^eight, and the comparison to the normal tables is 
expressed in percentages, the variation is very slight In Table 2 ^he 
measurements from the 277 soldiers are given as percentages of the 
Dietlen and Bardeen figures It should be remembered, that the 
soldiers had been in hospitals for several months conialescmg from 
leg and arm w^ounds, and during this period of inactivity many had 

1 Bardeen, C R Am T Roentgenol 4 604, 1917 

2 Bardeen, C R Am J Anat 23 423 1918 

3 Dietlen H Deutscli Arch f klm Med 88 55 1907 

4 U S Armj X-Raj Manual, p 414 
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gained m weight to a figure above their normal This gam was due 
more to an increase of fat than of skeletal muscle In the table of 
individual measurements (Table 8) it is seen that the measurements 
show a greater variation from the normal (below noimal) in those 
men with the higher weight 


TABLE 2 — Pekcentage Relation or Measurements of Soldiers when 
Compared with the Dietlen and Bardeen Normals 


Weight, 

Kg 

Dietlen Normals 

Bardeen Normals 

T D , % ] 

D D, % 

Area, % 

T D , % 

Area, % 

55-59 

95 

95 

97 

93 

99 

60-64 

94 

96 

99 

97 

98 

65-69 

99 

9S 

99 

lOO 

98 

70-74 

100 

99 

100 

lOO 

100 

75-79 

95 

94 

lOO 

100 

99 

80-S4 

95 

96 

lOO 

99 

97 


The heart measurements from the soldiers dififer but very little 
from the normals when compared by weight For the total series the 
transverse diameters average about 5 per cent less than the Dietlen 
measurements, and 1 per cent less than the normals of Bardeen The 
long and broad diameters have a general average of 4 per cent less 
than those of the Dietlen table When the areas are compared it is 
found that the average with the soldiers’ hearts is 1 per cent less than 
Dietlen’s normals and 15 per cent below the figures given by Bardeen 
Dietlen ® has compared his normal measurements by height, and 
in Table 3 the figures for this series are grouped for the same height 
ranges The measurements for area and for the three diameters come 
within 3 per cent of the Dietlen normal figures 


TABLE 3 — Measurements Compared by Height with Dietlen’s Normals 


Heiei't 


155-164 

165-174 

175-187 


Soldiers 

1 Dietlen’s Noimals 

Case' , 

Ml, 1 




Area 

Cases 

Ml, 1 

Mr , 

L D, 

B D , 

Area 


Cm 




Sq 


Cm 

Cm 

Cm 

Cm 

Sq 






Cm 






Cm 

18 

40 

83 

13 3 

99 

111 

72 

41 

87 

13 8 

99 


174 

41 

85 

131 

10 2 

118 

77 

42 1 

88 

141 

10 3 


185 

4 3 

87 

1 

14 2 

10 7 

122 

29 

44 

91 

14 8 

10 7 



Measurements of the transverse diameter may have a wide range 
ei en with the same body weight In the twenty-two cases with a body 
eight of 59 kilograms (Table 4), the transverse diameters range 
from 115 cm to 14 0 cm Also, a heart with a transverse diameter of 
12 7 cm may have a slightly larger area than the heart with a diameter 
of 14 0 cm If other diameters are measured, this variation in the 
trans\erse figures is found to be due to the general heart shape There 
is danger of serious error if an opinion of heart size is based on a 
measurement of the transverse diameter alone, especially m individual 
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cases, without attention having been given to the general form and 
position of the heart The angle formed by the transverse and long 
diameter can often be of value m deciding the question of size in 
doubtful cases, especially when the area has not been determined 


TABLE 4 — Measurements of the Transverse, Long and Bro\d Diameters, 
WITH Area and Cardiac Angle, Grouped by Weight 


Weight, 

Kg 

Oases 

Height 

Cm 

Age 

T D, 
Cm 

L D, 
Cm 

B D, 
Cm 


Aortic 
Arch, Cm 

Angle 

Degree 

55 

2 

170 

24 

119 

13 4 

10 0 

106 

4 7 

50 

56 

1 

165 

23 

116 

131 

96 

106 

4 4 

55 

57 

4 

167 

24 

12 3 

13 4 

98 

108 

4 5 

42 

38 

11 

168 

24 

125 

13 4 

98 

111 

46 

42 

59 

22 


26 

12 7 

13 5 

98 

112 

46 

44 

CO 

1 

175 

23 

12 7 

13 7 

101 

112 

47 

4° 

61 

26 

172 

24 

12 0 

13 7 

10 4 

112 

46 

43 

62 

12 

171 

25 

123 

13 8 

101 

113 

4 0 

42 

63 

26 

172 

25 

11 8 

13 8 

10 3 

U3 

4 5 

42 

61 


175 

24 

12 6 

14 4 

10 6 

115 

46 

43 

65 

msM 

175 

25 

12 9 

13 9 

10 7 

116 

47 

43 

66 


176 

25 

131 

13 9 

10 5 

116 

45 

48 

67 

14 

174 

26 

131 

14 2 

10 6 

119 

46 

41 

68 

19 

175 

25 

13 3 

14 2 

10 6 

122 

46 

45 

69 

10 

174 

25 

131 

14 4 

10 5 

123 

46 

39 

70 

15 

175 

26 

13 5 

14 5 

10 6 

124 

47 

44 

71 

14 

175 

27 

13 3 

14 6 

10 6 

126 

47 

46 

72 

10 

177 

26 

13 6 

14 6 

10 5 

128 

46 

39 

73 

5 

175 

28 

13 7 

14 7 

10 3 

129 

4 9 

38 

74 

6 


27 

13 8 

14 9 

10 3 

130 

4 7 

42 

75 

13 

177 

28 

13 7 

14 3 

10 6 

130 

47 

40 

76 

S 

178 

26 

13 6 

14 7 

10 8 

132 

4 7 

44 

77 

8 

174 

26 

13 7 

14 4 

10 7 

132 

47 

37 

78 

2 

176 

26 

13 8 

14 4 

10 4 

132 

4 6 

42 

79 

4 

179 

24 

13 7 

14 7 

10 8 

133 

46 

42 

SO 

0 

179 

28 

13 7 

14 9 

112 

134 

48 

48 

81 

3 

174 

28 

13 7 

14 5 

10 8 

134 

47 

37 

82 

1 

173 

25 

13 5 

14 8 

10 7 

134 

4 5 

41 

83 

2 

178 

27 

13 7 

14 8 

10 9 

135 

4 7 

34 

Bi 

1 

185 

3S 

13 7 

14 9 

11 4 

137 

4 5 

46 


TABLE 5 — Diameters, Area and Angle Compared by Heights 


Height, 

Kg 

Cases 

T D , 

Cm 

Ii D, 

Cm 

B D, 

1 Cm 

1 Area, 

1 Sq Cm 

Angle, 

Degree 

155 

0 

12 0 

13 5 ] 

101 

111 

50 

157 

2 

131 

i 128 

96 

111 

35 

160 

6 

12 7 

13 3 ! 

101 

112 

43 

163 

8 

12 2 1 

13 4 

99 

111 

42 

165 

11 

12 7 ! 

13 5 

101 

116 

40 

168 

30 

12 9 

14 0 

10 3 

118 

38 

170 

28 

12 9 

141 

10 4 

120 

41 

173 

44 

13 3 

141 

10 2 

119 

42 

175 

36 

12 6 

14 2 

102 

H9 

46 

178 

62 

13 0 

141 

10 2 

122 

44 

180 

32 

13 3 

14 4 

10 6 

127 

43 

183 

8 

13 5 

14 6 

10 5 : 

127 

42 

185 

8 

13 5 

14 5 

10 8 

128 1 

43 


The broad, low lying heart, which gives a wide transverse diameter, 
will have a small angle, and the long heart, often found m the long, 
narrow chest, will have a wide angle In the 277 cases, the range of 
this angle is from 23 to 63 degrees, showing the wide range that is 
present in the shape of the normal Jieart The general average for 
the angle in this series is 43 degrees An angle of 40 degrees or less 
IS found in 41 per cent of these men The long, narrow heart usually 
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TABLE 6 — Relation of Area to Diameters \nd Angle in Cases 
WITH A Weight of 59 Kg 


Area, 

Sq Cm 

Height, 

Cm 

tge 

T H, 

Cm 

1, H, 

Cm 

B B, 

Cm 

Angle, 

Degree 

110 

165 

25 

115 

13 5 

95 

48 

111 

157 

23 

12 3 

13 2 

96 

44 

111 

160 

24 1 

12 4 

13 3 

98 

46 

111 

163 

22 

121 

13 8 

97 

41 

112 

165 

29 

126 

13 6 

96 

40 

112 

168 

24 

126 

13 7 

94 

41 

112 

175 

30 

12 8 

13 5 

97 

54 

112 

178 

22 

123 

13 5 

98 

48 

112 

178 

27 

125 

13 7 

99 

47 

113 

168 

26 

12 8 

13 8 

97 

40 

113 

170 

30 

128 

13 6 

98 

47 

113 

173 

24 

12.7 

13 6 

98 

49 

113 

173 

27 

129 

13 4 

98 

41 

113 

173 

28 

12 7 

13 9 

99 

40 

113 

175 

19 

12 9 1 

12 6 

101 

42 

113 

175 

21 

12 8 

13 6 

98 

49 

113 

175 

27 

12 7 

12 9 

10 3 

44 

113 

178 

30 

14 0 

12 7 

91 

29 

114 

165 

23 

13 5 

13 9 

97 

32 

114 

170 

23 

13 6 

13 0 

99 

40 

114 

170 

23 

12 7 

141 

97 

54 

114 

173 

28 

12 7 

13 9 

10 3 

38 


TABLE 7 — Relation of Angle to Diameters and Area 


Angle 

Degrees 

Cases 

T 

[J 

D D 

B D 

Area 

Range, 

Cm 

Average, 

Cm 

Range, 

Cm 

Average, 

Cm 

Range, 

Cm 

Average, 

Cm 



23 

1 


14 2 


14 3 




ISO 

24 

2 

13 4-14 3 

13 9 

14 2-14 5 

14 4 

10 3-10 4 

10 3 

126-133 

130 

26 

3 

13 6-14 3 

13 9 

12 0-14 1 

13 3 

9 410 4 

101 

112 134 

122 

27 

2 

13 7-13 9 

13 8 

14 0-14 3 

14 2 

10 0-10 7 

10 4 

126-131 

129 

28 

2 

13 8-14 0 

13 9 

13 8-14 3 

141 

10 1 10 2 

101 

127-132 

129 

29 

3 

13 5-14 0 

13 8 

12 7-14 1 

13 6 

9 1-10 2 

98 

113 129 

122 

30 

3 

12 1-13 5 

13 0 

13 5-14 6 

14 0 

10 3 10 7 

10 4 

112-125 

119 

31 

4 

12 2-13 5 

12 8 

13 7 14 3 

14 0 

10 4-10 6 

10 5 


114 

32 

7 

13 1 13 8 

13 5 

13 0-14 9 

14 1 

9 6-11 2 

10 3 

113 135 

121 

33 

7 

12 3 13 9 

13 5 

13 8-14 8 

14 2 

9 7-11 1 

10 5 

114-130 

125 

34 

17 

U 6-14 2 

13 0 

12 9-14 9 

141 

9 9113 

10 5 

110-136 

121 

35 

9 

12 413 8 

13 0 

13 5-14 7 

14 2 

10 1-10 9 

10 6 


121 

36 

10 

12 7-13 8 

13 2 

13 0-15 1 

14 2 

9 610 9 

10 3 

110-136 

123 

37 

11 

11 9-13 7 

13 0 

13 5-14 9 

141 

9 5-10 8 

10 2 

110-132 

119 

38 

11 

U 6-13 6 

12 9 

13 0-14 7 

13 9 

9 5-10 8 

10 3 


119 

39 

6 

12 6-13 7 

13 3 

12 9 14 6 

14 2 

10 4-10 8 

10 6 

111-135 

121 

40 

19 

11 3-13 8 

12 4 

13 2 15 2 

14 0 

9 5-111 

10 2 


116 

41 

13 

11 3-13 7 

12 9 

13 2^151 

141 

9 410 8 

10 2 

111-134 

120 

42 

12 

11 4 13 8 

131 

12 6-14 9 

14 2 

9 9-10 8 

10 5 

113-130 

123 

43 

9 

11 4 18 7 

12 8 

13 6-15 2 

14 2 

10 3 11 2 

10 7 

112 132 

120 

44 

12 

11 0-13 8 

13 0 

12 9-15 1 

14 1 

9 6-113 

10 3 

107-133 

120 

45 

12 

11 4-13 6 

12 9 

12 8-15 2 

14 1 

9 711 3 

10 4 

108130 

118 

46 

8 

12 413 7 

13 2 

13 3 14 9 

14 3 

9 8-114 

10 7 

111-137 

122 

47 

15 

101-13 7 

13 0 

12 4 15 0 

141 

9 8-111 

10 4 

108-132 

121 

48 

14 

11 1-13 5 

124 

13 3-14 9 

14 0 

9 5-10 8 

10 3 


117 

49 

9 

11 5-13 5 

12 9 

13 6-15 0 

14 3 

9 8-113 

10 5 

113 131 

120 

50 

11 

11 1-13 9 

12 6 

13 6 15 2 

14 4 

10 1 11 1 

10 6 

112 135 

121 

51 

4 

11 8-13 6 

125 

13 3 14 2 

13 9 

10 2-10 8 

10 6 

108-123 

114 

52 

8 

11 9-13 8 

13 3 

13 9151 

14 5 

10 1 11 2 

10 7 

118-130 

125 

53 

6 

11 3 13 3 

12 3 

13 4-14 8 

14 1 

9 6-11 0 

10 4 

112126 

116 

54 

10 

11 1-13 9 

12 6 

13 6-15 2 

14 4 

10 1 11 1 

10 6 

112-135 

121 

55 

5 

11 1 13 3 

12 0 

13 1-14 5 

13 9 

9 6-10 7 

101 


113 

56 

5 

10 6-13 5 

121 

14 0-15 0 

14 5 

10 2 10 8 

10 5 

111-133 

119 

57 

3 

13 2 13 4 

13 3 

14 1-15 0 

14 5 

10 2 11 6 

10 8 

123 132 

128 

58 

O 

12 1-12 8 

12 5 

13 9-14 3 

141 

10 5 10 7 

10 6 

113 114 

113 

60 

1 


11 6 


13 5 


98 



63 

1 


11 6 


14 5 




122 
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TABLE 8 — Teleroentgen Measurements of 277 Norm ax 
Hearts of Soldiers 


i^O 

TVt, 

Height, 

Age 

T H, 

L D, 

1 B D, 

Area, 

/ 

1 Volume 

Arch, 

Angle, 


Eg 

Cm 

1 Cm 

{ 

Cm 

J Cm 

Sq Cm 

j C c 

Cm 

Degrees 

1 

55 

168 

27 


1 13 4 

. 10 3 

106 

S 578 



2 

55 

173 

21 


1 13 5 

' OS 

106 

578 



3 

56 

165 

23 

lie 

! 131 

, 96 

106 

! 578 

44 

OO 

4 

57 

163 

24 

12 7 

13 2 

, 98 

110 

612 

42 

40 

5 

57 

165 

31 

117 

13 6 

I 96 

107 

' 586 

4 7 

44 

6 

57 

168 

20 

12 4 

13 5 

' 101 

108 

595 

45 

44 

7 

57 

175 

20 

12 5 

13 5 

96 

lOS 

595 

4 5 

1 38 

d 

58 

155 

20 

12 6 

13 6 

1 98 

110 

612 

47 

! 47 

9 

58 

160 


127 

13 5 

9 5 

no 

612 

4 9 

1 

10 

58 

163 


12 6 

141 

1 95 

n4 

645 

47 

I 40 

11 

58 

163 


12 8 

13 4 

I 99 

113 

637 

45 

1 

12 

58 

163 


12 7 

13 0 

1 96 

no 

612 

42 

1 36 

13 

58 

IW 

30 

12 6 

13 5 

97 

112 

628 

46 

37 

14 

58 

168 

19 

12 5 

141 

, 96 

U3 

637 

45 

S3 

15 

58 

173 

28 

128 

13 3 

9 5 

in 

620 

46 

36 

16 

58 

178 

23 

124 

128 

I 10 4 

108 

393 

47 

4o 

17 

58 

178 

24 

118 

13 3 

10 5 

108 

395 

48 

51 

18 

58 

180 

24 

125 

130 

95 

109 

603 

41 

38 

19 

59 

157 

23 

123 

13 2 

96 

111 

620 

45 

44 

20 

59 

160 

24 

12 4 

13 3 

98 

ni 

620 

46 

46 

21 

59 

163 

22 

121 

13 8 

97 

111 

620 

47 

41 

22 

59 

165 

23 

13 6 

13 9 

97 

114 

645 

47 

32 

23 

59 

165 

25 

115 

13 5 

95 

no 

612 

45 

48 

24 

59 

165 

29 

126 

13 6 

96 

112 

628 

44 

40 

25 

59 

168 

24 

126 

137 

94 

112 

628 

46 

41 

26 

59 

16S 

26 

128 

13 8 

97 

113 

637 

47 

40 

27 

59 

170 

23 

13 6 

13 0 

99 

114 

645 

48 

40 

28 

59 

170 

23 

12 7 

141 

97 

114 

645 

44 

54 

29 

59 

170 

SO 

12 8 

13 5 

98 

U3 

637 

4 7 

47 

SO 

59 

173 


12 7 

13 6 

98 

113 

637 

43 

49 

31 

59 

173 


129 

13 4 

98 

113 

637 

4 4 

41 

32 

59 

173 


12 7 

13 9 

99 

113 

637 

46 

40 

83 

59 

173 

28 

12 7 

13 9 

10 3 

n4 

645 

46 

38 

84 

59 

175 

19 1 

12 9 

12 6 

101 

113 

637 

48 

42 

35 

59 

175 

21 

12 8 

13 6 

98 

ns 

637 

47 

44 

86 

59 

175 

27 

12 7 

129 

10 3 

us 

637 

4 5 

44 

87 

59 

175 

30 

128 

13 5 

97 

112 

628 

4 6 

54 

88 

59 

178 

22 

12 3 

13 5 

98 

112 

628 

46 

48 

39 

59 

178 

27 ' 

125 

13 7 

99 

112 

628 

48 

48 

40 

59 

178 

30 

14 0 

12 7 

91 

113 

637 

45 

29 

41 

60 

175 

23 

127 

13 7 

101 

112 

628 

47 

48 

42 

61 

160 

20 

12 7 

13 0 

-9 9 

in 

620 

44 

47 

43 

61 

160 

26 

119 

13 6 

So 2 

in 

620 

46 

37 

44 

61 

163 

26 

101 

124 

10 2 

104 

562 

4 4 

47 

45 

61 

165 

24 

126 

129 

10 6 

in 

620 

44 

39 

46 

61 


19 

128 

14 0 

10 6 

114 

645 

47 

31 

47 

61 

168 

26 

122 

129 

10 4 

no 

612 

46 

34 

48 

61 

168 

28 

117 

13 3 

10 3 

no 

612 

47 

48 

49 

61 

168 

SO 

125 

13 7 

10 6 

U2 

628 

46 

31 

50 

61 


23 

114 

13 6 

10 5 

112 

628 

48 

43 

51 

61 


28 

12 7 

141 

10 2 

U4 

645 

44 

38 

52 

61 

173 

20 

121 

13 7 

10 5 

112 

628 

44 


53 

61 

173 

22 

13 3 

13 5 

10 9 

114 

645 

48 

35 

54 

61 

173 

23 

13 2 

14 2 

10 3 

U5 

653 

47 

34 

oo 

61 

173 

24 

116 

13 3 

10 3 

U2 

628 

4 3 

34 

56 

61 

175 

19 

113 

141 

10 4 

112 

628 

4 8 

41 

57 

61 

}l- 

22 

106 

14 0 

10 4 

U1 

620 

4 5 


5S 

61 

1(0 

22 

112 

14 0 

10 2 

U2 

628 

4 6 

56 

59 

61 

175 

23 

118 

13 6 

10 5 

112 

628 

49 


60 

61 

175 

27 

12 0 

14 2 

10 2 

113 

637 

4 3 

51 

61 

61 

178 

20 

12 4 

13 5 

10 8 

113 

637 

4 *7 

54 

62 

61 

178 

21 

116 

14 0 

10 2 

U2 

628 

4 G 

3S 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

61 

61 

61 

61 

61 

62 

62 

62 

62 

62 

62 

62 

62 

63 

178 

178 

ISO 

180 

ISO 

157 

163 

168 

168 

168 

170 

173 

175 

178 

23 

30 

23 

24 

30 

25 

26 

22 

25 

28 

26 

19 

24 

22 

12 0 
12,4 
128 
121 
118 

13 7 
129 
115 

13 2 
131 
114 

117 
126 

118 

13 8 

14 0 

14 3 

13 5 

13 7 
120 
141 

14 2 

14 3 

13 7 

13 8 
141 

34 2 
141 

10 3 

10 7 

10 5 
103 

10 2 

9 4 

10 4 
101 ' 
101 

10 4 : 

10 5 ' 

10 4 

98 

10 3 , 

112 

US 

113 

112 

111 

112 

U4 

113 

116 

115 

112 

U3 

114 

113 

628 

637 

637 

628 

620 

628 

645 i 
637 ; 

662 i 

653 

628 1 
637 

645 

637 1 

48 

46 

41 

41 

45 

46 

43 

4 7 

44 

49 1 

4® t 
43 ! 

45 

40 

51 

58 

SO 

34 

26 

40 

49 

46 

32 

43 

53 

36 

48 
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TABLE 8 — TELEROE^TGEN Measurements of 277 Normal 
Hearts of Soldiers — {Conimxicd) 
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TABLE 8 — 1 1 LLUorNTGnN Muasuui mints oi 277 Normal 
Hi ARTS 01 SoiDirns — (Continued) 
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TABLE 8 — Telerofntgln Measurements of 277 Normal 
Hearts of Soldiers — (^Continued) 



occupying a more median position in the chest, was present in 2 0 per 
cent of the men In these men the angle measured 54, 55, 56, 60 and 
63 degrees, respectively 

No evidence has been found m this study that the hearts of soldiers 
are enlarged after active military service The average measurements 
for the diameters and area agree closely with' the normal figures of 
Dietlen and Bardeen 

The individual measurements for area are well within the normal 
range 

The individual measurements for the transverse diameter, in cases 
V ith the same body weight, show considerable variation, and emphasize 
the danger of basing an opinion of size on the determination of this 
liameter alone 
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A consideration of the shape of the heart is important in any 
questionable enlargement If the area is not measured, the angle 
formed by the transverse and long diameters can be an aid 



Relation of area and diameters of heart to body weight T D = transverse 
diameter, LD =long diameter, BD=:broad diameter 

Hearts of soldiers who have performed active service are largely 
of the broad type, with a wide tiansverse diameter Only a small per- 
centage of the men had hearts of the narrow type, with a small trans- 
veise diameter and a broad angle 



TELEROENTGEN ESTIMATIONS OF HEART SIZE IN 
CASES OF EFFORT SYNDROME 


BERTNARD SMITH, MD 

LOS ANGELES 

Silhouette measurements of the heart were made m 119 cases of 
effort syndrome by the teleroentgen method The same technic was 
followed throughout the work All exposures were taken with the 
subject in the standing position, with the target 6% feet from the 
plate When in position, facing the plate, the subject was told to 
take a deep breath and then empty his lungs as completely as possible 
Following this, he took a half breath and held it for the exposure, 
which was from II /2 to 4 seconds’ duration, varying with the weight of 
the individual and the thickness of the chest wall This method was 
adopted because the directions were easily carried out, and it gave 
satisfactonly uniform results 

From the plates thus obtained the following measurements were 
made 

1 Ml Maximum left border 

2 Mr Maximum right border 

From the sum of these \vas obtained the maximum transverse diam- 
eter T D 

3 LD Maximum long diameter from the right auricular notch to the 

most distant apical border 

4 B D Maximum broad diameter, measured at right angles from L D to 

the most distant borders 

5 The angle formed by the long and transverse diameters 

6 The diameter of the aortic arch 

7 The parallel raj silhouette area' ^^as obtained bj' the plammetric method 

and from this was calculated the ^olume by the Bardeen formula" 

In the cases studied, the men who gave a history of symptoms 
present before entering the army showed a lower general strength and 
a poorer physical development than did those patients whose symptoms 
de\ eloped during active military duty The cases are tabulated in this 
report into two groups, according to the time of onset of the general 
effort syndrome symptoms 

* Report from Studies made on the Cardio\ ascular Service, U S Arnw 
General Hospital Xo 9, Lakewood, N J 

1 Bardeen, C R Am J Roentgenol 4 604, 1917 

2 Bardeen, C R Am J Anat 23.423, 1918 
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1 CASES WITH SYMPTOMS BEFORE MILITARY SERVICE 

The sixty-nine cases of this group are arranged m Table 1 by 
weight Bardeen ^ has stated that the transverse diameter is about 7 0 
per cent less in the standing than in the recumbent position, and about 
half of this difference is found between the sitting and recumbent 
positions These differences have been taken into consideration in 
comparing measurements with the Dietlen and Bardeen tables for 
normals 

TABLE 1 — Hcart Measurements in Cases of Effort Syndrome with 
Symptoms Present Before Military Service 


Weight, 

Kg 

Cftses 

Height, 
Aver , 
Om 

Age, 

AACr 

age 

T D, 
Cm 

L D, 
Cm 

B n. 
Cm 

Aren, 
Sq Cm 

Angle, Degrees 


Range 

Aver 

45-40 

2 

171 

28 

88 

13 2 

89 

90 



41 

50 54 

8 

171 

25 

09 

13 3 

00 

107 

41 63 

53 0 

4 5 

55-59 

18 

172 

24 

10 8 

13 5 

92 

111 



4 5 

60 64 

22 

171 

27 

12 2 

13 2 

95 

112 

32-61 

44 5 

4 5 

65-69 

13 

174 

26 

121 

13 5 

96 

113 

36-58 

451 

4 6 

ro74 

4 

174 

25 

12 4 

14 3 


122 1 


47 S 

46 

75 84 

2 

176 

23 

112 

H7 

H 

123 ' 

41-59 

43 0 

“ 


When the measurements for the transverse diameters are compared 
with the Dietlen ® and Bardeen ^ tables for normals, the effort syndrome 
cases give an average diameter that is 0 68 cm less than the normal 
average Meakms and Gunson ® have reported measurements by the 
orthodiagraphic method of fifty cases in which they found the trans- 
verse diameter averaged 0 70 per cent less than the normal as given in 
Dietlen's tables When the heart volume is compared with the Bardeen 
table, the effort syndrome cases give an average that is 9 8 per cent 
less than the normal, when arranged according to the subject’s weight 

Measurements were made on 277 men who had had at least three 
months active duty in the fighting line, and who had gone through 
their training and forced marches, without symptoms The full report 
IS reserved for a separate publication, but a summary of the measure- 
ments IS given in Table 2 for comparison, since the technic followed 
was the same as with the cases in this report 

When the measurements for the effort syndrome cases are com- 
pared with this series of normal iTearts, the transverse diameters for 
the sixty-nine patients average 098 cm less However, when the 
volumes are compared, the average difference for the effort syndrome 
cases IS 10 1 per cent less, as arranged by weight, than for the men 
who had performed full duty 

3 Dietlen H Deutsch Arch f klin Med 88 55 1907 

4 U S Army X-Ray Manual 

5 Meakms, J C , and Gunson, E B Heart 7 1 , 1918 
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TABLE 2 — Heart Measurements of Soldiers after Military Service 


Weight, 

Kg 

Oases* 

Height, 
Aver , 
Cm 

Age, 

Aver- 

age 

T D, 
Cm 

H H, 
Cm 

B D , 
Cm 

Area, 
Sq Cm 

Angle, Degrees 

Range 

Average 

55-59 

40 

170 

25 

12 6 

13 4 

99 

111 

29-60 

41 

60-64 

82 

168 

24 

119 

13 6 

10 2 

113 

26-56 

43 


61 

178 

27 • 

115 

141 

10 6 

118 

26-57 

41 


50 

177 

27 

13 4 

14 7 

10 7 

127 

24 63 

42 


35 

176 

27 

13 7 

14 5 

10 6 

129 

24 56 

41 

80-84 

9 

179 

29 

13 7 

14 7 

10 9 

135 

26-50 

40 


* These men were orthopedic cases m U S Army General Hospital No 9 


The silhouette of the long, narrow heart was found in 24 6 per cent 
of the sixty-nine cases This does not include the rounded, flask 
shaped shadow with a small transverse diameter The low, broad type 
of shadow was found in 29 0 per cent of the cases The angle formed 
by the long and transverse diameters is small in the low, broad heart 



and widens as the type approaches the narrow form In Table 1 are 
given the range and average of this angle for the different weight 
groups For the sixty-nme cases the range is from 30 to 65 degrees, 
with a total average of 49 6 degrees The range of this angle for the 
narrow types of hearts is from 52 to 65 degrees, with an average of 
57 6 degrees 
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The majority of the Sixty-nine cases were of the type of chronic 
physical invalidism, ° and had a low weight If the weights are com- 
pared with the normal figures for the same age and height we obtain 
the following 

Weight 45-49 average 254 per cent below normal 
Weight 50-54 average 170 per cent below normal 
Weight 55-59 average 18 6 per cent below normal 
Weight 60-64 average 41 per cent below normal 
Weight 65-69 average 1 0 per cent below normal 
Weight 70-74 average 1 1 per cent above normal 
Weight 75-84 average 17 per cent above normal 

Of the sixty-nine patients, 65 per cent were below their normal 
weight, as given in the standard tables for age and height This low 
weight in these men was associated with poor skeletal strength that 
had persisted for a number of years and often since childhood 
Bardeen ’’ states that “the size of the heart is determined rather by the 
development of the skeletal musculature than mere body weight, 
although the latter alone is subject to direct measurement ” If the 
small heart of the effort syndrome is part of the picture of poor mus- 
cular development, later statistics will be of interest from those patients 
who have been developed to take up more active civil work 

TABLE 3 — Heart Measurements in Cases of Effort Syndrome with 
Symptoms Developing During Militaki Service 


Weight, 

Kg 

Cases 


Age, 

Aver- 

age 

T D, 
Cm 

L D, 
Cm 

B D, 
Cm 

Area, 
Sq Cm 

Angle, Degrees 


Range 

Aver 

50^ 

4 

162 

23 

111 

msm 

96 

107 

43-61 

48 8 

42 

55-59 

7 

174 

24 

10 9 


96 

109 

30-54 

45 8 

45 

60-64 

15 

171 

24 

117 


97 

112 

31-48 

43 5 

4 5 

65-69 

13 

174 

25 

125 

13 7 

98 

U8 

27-58 

43 7 

47 

TO-74 

11 

172 

26 

127 

14 3 

10 4 

124 

34-61 

410 

49 


2 CASES DEVELOPING SYMPTOMS DURING MILITARY SERVICE 

No cases are included in this report in whom effort syndrome 
symptoms developed after an infectious disease Measurements from 
fifty cases, in which the symptoms were of recent origin, are given in 
Table 3 as grouped by weight The transverse diameters have a total 
average difference of 028 cm when compared with the Dietlen and 
Bardeen tables The volume average is 2 1 per cent less than the 
Bardeen figures for normal when arranged by weight When the fifty 
cases are compared with the normals of Table 2, the transverse diam- 
eters of the effort syndrome cases have an average that is 0 54 cm. 
less and an average volume that is 2 7 per cent below the average for 


6 Campbell CM J A M A 71 1621 (Nov 16) 1918 

7 Bardeen, C R Anat Rec 10 176, 1915 
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the normals The long, narrow type of heart shadow is found in 
only 2 0 per cent of the cases with recent onset of symptoms, while 
the broad heart is seen in 50 per cent The range for the angle in 
this group is from 27 to 61 degrees, with an average of 44 7 degrees 
for the fifty cases 

A comparison of the weights of the men in this group with the 
normal figures for height and age gives an equally sharp contrast to 
those of Group 1 


Weight 50-54 average 6 0 per cent below normal 
Weight 55-59 average 100 per cent below normal 
Weight 60-64 average 11 6 per cent above normal 
Weight 65-69 average 0 6 per cent above normal 
Weight 70-74 average 7 4 per cent above normal 

The weights range from 88 to 109 in per cent of normal, with a 
total average for the 50 cases of 102 3 per cent 

SUMMARY 

Cases of effort syndrome, in which symptoms have persisted for a 
long period of time, have smaller hearts than normal when compared 
by measurements of the transverse diameter, area and volume 

The narrow, long heart, or “drop-heart,” is not the predominant 
type found The small heart may vary in form as widely as the 
normal, and usually shows a decrease in the transverse, long and bi oad 
diameters 

The smaller measurements are found in those men whose skeletal 
musculature has never been developed normally 

The patients studied at Lakewood, who acquired the effort syn- 
drome during active army duty, show silhouette measurements that are 
well within the normal range for area and volume The transverse 
. diameters average slightly less than normal In such hearts the long 
diameter is usually slightly increased 

The angle formed by the transverse and long diameters shows a 
greater average width in the men whose symptoms have been of long 
duration than in the normals and in the cases with a more recent onset 
Those individuals, whose silhouette gave this wide angle, had also a 
long, narrow chest wall 

I ^\lsh to express my indebtedness to Lieut F W Keyes for his assis- 
tance in constructing the apparatus for the teleroentgen studies, and to Lieut 
Milton H Glover for his cooperation in the roentgen-ray technic 



PURULENT TYPHOID MENINGITIS 

report of a case 

E A. BAUAIGARTXER PhD MD \kd H H OLSEN MD 

HALSTEVD 1CA.A 

Meningitis due to the B typhosus is a lelatuely rare disease Cole 
collected the cases recorded up to 1904 W e ha\ e been able to find 
twent) -three cases recorded in the litei ature since that time 

In addition to reviewing the cases reported by Cole, we wish to 
repoit a case in which cholec)’^stitis and otitis media uere additional 
complications We had the oppoituiiit} of doing a necrops} in this 
case thus making an anatomic stud}^ of the complications possible The 
findings of the meningeal complication and of a puie typhoid cultuie 
comph uith all of Coles requirements for the diagnosis of purulent 
meningitis 

REPORT OF CASE 

C \SE 3494 — R A , aged 6 admitted to the Halstead Hospital Oct 12 1919, 
with complaint of headache, feier and abdominal pain 

Famtlx Hisfoty — Negatue One brother luing and w'ell The brother later 
de\ eloped Uphold fever and was a patient in the hospital Positne Widal 
no complications 

Piisonal Histojy — When 3 \ears old, the patient had swollen glands on 
both sides of neck, not associated wnth pam or redness but tender These 
swellings disappeared in about tour w'eeks Patient had an acute tonsillitis 
when 5 ^ears of age 

Ptcsiiit Hi'ftoiy — The patient had an attack of diarrhea October 6 On 
the afternoon of the seventh, he complained of abdominal pain Tw'o da\s 
later he was seen bv a plnsician On the second daj' the patient’s tempera- 
ture was 102 F October 12 it was 105 F 

The bo^ w'as brought to the hospital the evening of October 12 He wAs 
seen for the first time bj our staff His temperature w’as 105 8 pulse 150, 
leukocite count 9,000 His head, neck and chest were negative His abdomen 
was somewhat distended and tender The spleen was not dehniteli palpable 
nor were am other masses found There was painful urination The urine 
w as slighth clouded and show'ed a trace of albumin , otherwise it w'as negative 

During the night he w'as restless, thirsU expelled much flatus and several 
waterx stools with mucus The next da\' the patient was delirious the tem- 
perature remaining abo\e 104 F the pulse rate w'as about 120 On the fol- 
lowing three da^s he was quite restless, at times passing urine and feces 
imoluntarih He was delirious and picked at the bed clothes At times he 
was nois\ complained of stiffness of his legs pain in his throat and difficult 
deglutition His temperature slow'h came down The spleen was now’ defi- 
niteU palpable but at no time were rose spots noted 

On the sixth da\ his temperature reached 101 F He had some epistaxis 
on this da^ and later passed several dark red stools which show’ed blood 
He seemed more quiet and rational, but complained of pain on \oidmg unne 
and when his bowels moied During the following dais his temperature 
remained between 100 F and 102 F pulse 104 to 130 On the eleienth daj 
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the temperature again rose to 104 F , pulse was about the same Voiding and 
passing of stools was painful, the patient was restless and crying A mass, 
soft and fluctuating, had been noticed in the right subcostal region two days 
earlier This had increased until it reached the level of the umbilicus and 
was plainly visible The leukocytes numbered 17,400 
Diagnosis — Acute cholecystitis was diagnosed 

Opeiatwn — In the afternoon an operation was performed The gallbladder 
was veri much enlarged, extending below the umbilicus, its vessels were con- 
gested, walls thin and almost transparent About 70 c-c of a rather thin, 
slimy, greenish bile was evacuated, and then a greenish yellow fluid was found 
Smears showed only a very few epithelial-like cells The culture was negative 
Subsequent Comse — During the next three days, the temperature ranged 
from 103 to 104 5 F , pulse, 120 to 134 The patient was restless, crying and 
verv thirsty On the sixteenth day, his neck was stiff and the head was drawn 
back There was involuntary passage of urine and stools The throat con- 
tained much phlegm A yellowish discharge came from the left ear The 
pulse ranged between 116 and 132 On the evening of the seventeenth day, 
at 6 p m , the patient had a convulsion, lasting about twenty-five minutes, 
during which the temperature rose to 107 F , pulse to 140 The pupils were 
markedly dilated The patient was cyanotic 

The next day the patient was restless , the muscles of the face were twitch- 
ing, temperature 103 to 106 F , pulse, 120 to 150, neck stiff, Kernig positive, 
knee jerks somewhat increased Spinal puncture showed fluid under pressure, 
cloudj , about 15 c c was removed Cell count, 400, mostly mononuclears 
Smear gram-negative, short bacilli, slightly motile, mononuclear cells Cul- 
ture, motile bacilli, gram-negative 

On the eighteenth day, the patient was quieter, cyanotic, temperature, 105 
to 105 5 F , pulse weak, 140 to 156, but difficult to count, blood tinged mucus 
in throat 

Patient died at 2 p m ' 

A spinal puncture at 2 30 p m showed fluid not under increased pressure, 
turbid, about 15 c c Cell count, 400, mostly mononuclears Smear gram- 
negative, short bacilli, Ross Jones slightly positive Culture hanging drop, 
motile bacilli, gram-negative 

\cciopsy — Four p m Body, that of a white boy, about 5 or 6 years old, 
fairly good build, nutrition fair, small bruises over left internal malleolus, and 
external surface right ankle Operation wound with rubber tube dram in upper 
right abdomen Pupils, 3 mm , equal 

Brain Meninges somewhat injected, on removing dura brain surface of 
frontal lobe covered with thin, pale yellow, cloudy film (Figs 1 and 2) A 
collection of pus (?) m posterior fossa between cerebellum and medulla 
'\bdomen No free fluid in abdomen Omentum well walled about gall- 
bladder region 

Stomach and Intestines About 36 inches below pylorus, a short intussus- 
ception, of about 2 inches, existed Below this, a large amount of tarry stool 
filled about 2 feet of the intestine On section, no ulcers observed, except 
near ileocecal valve, where the mucosa was markedly reddened, and studded 
with minute ulcerations Lymph nodes in mesentery, especially near intestine, 
are markedly enlarged, measuring 1 cm and more in length and from 0 5 to 
0 7 c c in thickness 

Liver and gallbladder appeared to be quite normal Gallbladder shrunk to 
about 6 cm m length and in diameter to the size of the rubber tube dram 
placed at operation Wall not thickened Liver on section normal Cystic 
and common duct appear normal in size and structure, no obstruction present 
Spleen Increased m size 10 5 by 8 5 by 4, weight, 146 gm Splenic nodules 
chow prommentlv in section. 
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Ividne\s Fattj capsule, comparatnel^ tluu, capsule strips easih from 
Left kidnej, 10 b\ 6 5 b^ 4 5, eight, 163 gm Right kidnei, 9 b> 5 b\ 3, 
weight, 84 *gm Cortex about trom 5 to 8 mm thick in both kidnej s Pelves 
both markedh dilated as are the ureters at the lower end Both stood out 
prominenth, measuring about 8 or 10 mm diameter from peli c bnm to the 
bladder Probe passed easih to the bladder 
Heart and Lungs Not taken 

klicroscopical Brain shous meninges (except dura) markedh infiltrated 
uith polymorphonuclear leukoci tes and other cells (Fig 3) This infiltration 
follows the vessels onlj a short distance into the cortex 

On closer examination it is seen that mam of the cells m the meninges 
are not pohmorphic cells but large plasmahke cells some about IS microns 
111 diameter, markedh Aacuolated with small reddish stained inclusion par- 
ticles, possibh red cells, the nuclei more or less eccentricalh placed, rather 



Fig 1 — Photograph of left surface ot brain 

large, irregular shaped, with a small amount of chromatin material These 
cells are not numerous (Fig 4) 

\\ hat IS particularh striking in a cursori examination is that the cellular 
infiltration about the blood \essels is markedh less dense than elsewhere 
this IS especialh true of the veins (Fig 3) The mononuclear cells are about 
equall} distributed in the pernascular areas and elsewhere In the denseli 
cellular areas are numerous small nuclear bodies trom 3 to 4 microns lii 
diameter quite umformh stained, with no darker stained chromatin masses 
The most common cells besides the poh morphonuclears are plasma-like 
with pale staining, more or less vacuolated cvtoplasm The nuclei are large’ 
round, eccentric in position usualh one or two nucleoli, and \erv little other 
chromatin 

There is remarkabh little perivascular infiltration m the cortex and a sur- 
prising decrease about the blood vessels in the membranes 

The area at the base of the cerebellum which in gross appeared as mis 
showed cellular infiltration as described above Despite a careful search no 
definite bacilli could be tound in 10 micron sections ' 
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Kidneys Markedly dilated convoluted tubules , capillaries congested in cor- 
tex, glomeruli only slightlj enlarged Convoluted tubules show granular epi- 
thelium, nuclei stain quite v ell , occasional red blood cells in tubules , no casts, 
but occasional desquamated epithelial cells 

Spleen Shows quite large nodules, rather increased vascularity The 
splenic sinuses are large, dilated, empty The pulp shows many red blood cells 
Mesenteric Lymph Nodes Large, the one sectioned measuring about 1 cm 
m diameter, with a very large artery and vein in the center Most of the 
section shows bmphoid tissue with some increase of connective tissue and 
congested vessels One large area, macroscopically visible, is necrotic, has 
numerous polymorphonuclear cells with small necrotic nuclei, and pink stain- 
ing fibrous debris 

Liver Shows quite large sinuses with numerous red blood cells About 
the central veins, the hepatic cells appear smaller, but stain well 

We did not have all the mediums necessary for the proper isolation of 
typhoid bacilli, so we sent a subculture of the spinal fluid taken the day before 
death to Dr Noble Sherwood, whose report was, in part, as follow'S 

“The culture as received contained tw'O organisms, a gram-negative rod 
and a gram-positive spore producer I plated them immediately, and beg to 
report the gram-negative rod as a slightly atypical strain of B typhosus Its 
reaction to the gram stain is typical, but the motility is so slight as to be 
negligible I have repeatedly observed that freshly isolated strains of B 
typhosus w'ere frequentlv either nonmotile, or slightly motile for several gen- 
erations after isolation, and then they would suddenly become actively motile 
This IS more especially true when organisms have been isolated from the 
blood stream, rather than from feces 

"The strain sent in by you does not produce any acid or gas in saccharose , 
this IS typical It gives acid, no gas in dextrose and mannite, these reactions 
are typical It seems to show a tendency to acidify lactose, this is an atypical 
reaction However, this strain is identical in its action on lactose as in a 
European strain of B typhosus we have under observation The reaction in 
gelatin shows no liquefaction, which is typical for B typhosus 

“Now, the agglutination test with a polyvalent antityphoid serum shows 
agglutination in dilution of 1 3,000 The other laboratory strains, such as the 
New’ York Board of Health and the Bender strain, show agglutination in 
1 8,000 and 1 10,000 dilutions We have isolated quite a number of strains, 
however, that show agglutination in dilutions higher than your strain and less 
than the other strains 

“1 feel no doubt that the organism you are working with is B typhosw; 
and apparently quite similar to the European strain which we have been 
W’orking w’lth ” 

To verify these findings, we also sent a subculture to Dr F J Hodges, 
Department of Pathology, Washington University Medical School, St Louis, 
and append part of his report (Unfortunately, both specimens sent seem to 
have been contaminated, as m our earlier cultures w’e found only one gram- 
negatne short bacillus Our later cultures here w’ere contaminated by a 
gram-positive, large, thick bacillus ) 

“There are three organisms in the original cultures One a gram-positive 
spore former overlooked in the first smears because of the great prepon- 
derance of gram-negative bacilli of two morphologic types One gram-negative 
bacillus IS verj' short and fat The other, recovered from isolated colony on 
agar plate, is nearly twice as long, and little, if any, wider The gram-positive 
organism was discarded Both gram-negative strains gave typical sugar results 
for tjphoid (when mixed w'lth the gram-positive spore former, the sugar 
reactions w’ere atjpical) and both gram-negative strains are agglutinated by 
the stock typhoid serum In cross agglutination tests, Para ‘A’ and Para ‘B’ 
and the dysenteries, the results are w'ldely different for the two" organisms, 
indicating that both morphologicalh and serologically we have here two types 
of Uphold bacillus 
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‘ The^e t\\ o t\ pes labeled and sent to us as B I and B II agglutinated the 
Stock tvpboid senim at 1 6000 and 1 2-^000 respeclneh B II agg u- 
tmated h\ \'anous low dihnions of both Para A and B serum, and h} Flexner s 
serum but neither b\ Slnga bacillus serum in am concentration 

We bad begun a thorough collection of the reponed cases of 
tiphoid meningitis intending only to summarize the purulent cases 
since Coles paper ^ Then we found Banie-Jones - article published 
in 1917 although apparently prepared m 191 e e ha\e found onh 
a few* cases that he has not noted and haie completed the table for 
comparison with Cole cases 



Fig 2 — ^Photograpn oi a cross section of the left half of the brain 


^IcCrae ^ cites a case of t\-phoid fever diphthena and acute enceph- 
alitis The diphthena bacillus was found earh in the disease but 
disappeared after a few dais the blood culture gaie a pure tiphoid 
grow til and the Widal was positive The necropsy report showed a 
reddish sphenotemporal lobe and thrombosed lessel in tins part but 
unfortunately no cultures were made from the brain 

Scliwanz renewed some of the cases reported b\ Cole and thinks 
that contamination of the spinal fluid may take place through the blood 
which IS known to contain the B Typhosus He would exclude these 

1 Cole, R Ti-phoid Meningitis Toliiis Hopkins Hosp Rept 12.299 1904 

2 Ba\-ne-Tones S Typhoid Meningitis Reoon of a Case A.m T M '^c 

134. 55 1917. ' . - V. . 

o McCrae T Two Liumial Occurrence^ m Typhoid Fe\ er .\ciite Encepha- 
litis and Pertoration ot the Sigmoia Flexure Lancet 1 712 1905 



Summary oi Cases of Puruient T\piioid Meningitis 
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cases where such contamination during spinal puncture may have 
occurred 

Lyall^ regarded Neuman and Schaffei’s ° case as being one of true 
purulent typhoid meningitis Of course, the now known laboratory 
tests were not applied, but it appears that their tests were conclusive, 
since only the potato culture was questionable In Lyall’s own case, 
the culture showed an atypical typhoid, m that only after several gen- 
erations was it motile, and then only slightly Then, only, was it 
agglutinated by known typhoid serums, but best by an homologous 
serum which agglutinated also known typhoid bacteria 

O’Carroll and Pursei “ noted Osier’s eleven cases of central ner- 
vous system lesions in two thousand cases of typhoid, and Curschman’s 
five in his own experience, but, unfortunately, bacteriologic examina- 
tions were not complete O’Canoll found fifteen reported cases where 
typhoid bacilli alone caused a meningitis, and estimated that there are 
not more than thirty cases in all They believed that the purulent con- 
dition of the brain is only an advanced stage of an edema often 
described — with which we, of course, agree 

D’Oelsmtz ' and Amenille ® described cases with increased cell 
count in the spinal fluid, but no turbidity nor increased i^ressure, and 
the latter briefly described another case which cleared up for them 
aftei the postmortem examination 

An astonishing finding to us, and one already noted by others 
(Fernet”) is the frequent lack of the usual typhoid lesions, although 
many of the cases showed positive Widal and blood cultures In six 
cases here recorded, special mention Avas made that little or no intes- 
tinal lesions were present, in some, the spleen was quite normal In 
our case, there was no evidence of intestinal lesion, except one inch 
above the ileocecal valve The mesenteric glands and spleen were 
markedly enlarged In our case, too, the marked dilatation of ureters 
and urinary tubules with no apparent cause was noted Of course, we 
must admit that the intestinal lesions may have healed Against this 
theory in many cases, is the relatively short course of the disease 

4 Ljall, H W Meningitis in an Infant Caused by the Typhoid Bacillus, 
J Med Res 22 457, 1912 

5 Neuman, H and Schaeffer, R 7ur Aetiologie der eitngen Meningitis, 
Virch Arch 109 477, 1887 

6 O’Carroll, J , and Purser, F C On a Case of Meningitis Due to 
Bacillus Typhosus, Tr Roy Soc Med Ireland 30 108, 1912 

7 d’Oelsnitz M , Bourcart, G , and Ronchese, M A Un cas de meningite 
cerebro spinale eberthienne, Bull et mem Soc med d hop de Par 39 276, 1915 

8 Ortoconni, A , and Amenille, P Accidents meninges precoces dans la 

fie\re Uphoide, Bull et mem Soc med d hop de Par 31 187 

9 Fernet Ch Aleningite tjphoidc par bacille d’Eberth, Bull et mem Soc 
med d hop de Par, 1891, p 361 
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In several cases were noted— and this is particularly true in Bon- 
namour and Macrygenis and our cases — that the anterior portion 
of the brain showed a more marked puiulent condition than the pos- 
terior This IS evident even m the photograph, but was especially noted 
at the postmortem table However, a collection of pus below the cere- 



Fig 3— Photograph of a 10 micron section of the meninges over the frontal 
lobe (ocular, 4 , objective, 3 [Leitz]) 


helium was also noted The ventricles in our case, differing from 
others, were not enlarged, but contained a turbid fluid on examination 


Bonnamour, S , and Macp^genis, A Menmgite aigue purulente eberthi- 
enne au cours dun fievre tjphoide Presence du bacille d’Ebertli dans le 
liquide cephalo-rachidien, Lyon med 126 397, 1917 
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Lesieur and Marchand were able to find only nine cases in the 
literature in which the typhoid bacillus had been grown from the spinal 
fluid before death Fifteen of the cases reported herein specifically 
state that the typhoid organism was isolated during life from the spinal 
fluid Cole’s ^ table does not state whether culture was made before or 
after death In some, apparently, they were made at the postmortem , 
in one, on the day of death , in others, the time is not quite clear How- 
ever, we have reviewed other cases, not here tabulated, m which the 
typhoid bacillus was obtained from the spinal fluid where no purulent 
condition supervened, and where death did not follow These prob- 
ably belong to Cole’s serous meningitis cases Cole, in thirteeh cases 
of serous meningitis, shows that in six the typhoid bacillus was grown 
from the spinal fluid in pure culture during life, and that it was grown 
from the others after death Therefore, quite occasionally, the typhoid 
bacilli may be grown, although there is no change in the gross appear- 
ance of the spinal fluid 

In only six cases did Lemierre and Joltrain find a primary typhoid 
meningitis — or rather, one apparently not following intestinal typhoid 
— as their case showed an otitis media very early, although, as they 
stated, the meningitis may not have been secondary to the otitis 
Apparently, two other cases m our table were either primary or 
secondary to a typhoid other than intestinal — one of them to an 
infraorbital war wound In several of the cases occurring in soldiers, 
no clear history was obtainable These may have had a primary 
abdominal infection 

Lemierre and Joltrain also point out the peculiarity m meningitis 
cases of the spinal fluid agglutinating the organism They believe that 
this IS exceptional, as it has been stated that agglutinins, although 
present in blood, have not been observed in the spinal fluid In their 
case, the spinal fluid agglutinated the organism grown from it, and 
also laboratory strains Bayne-Jones ” states that m serous cases, the 
spinal fluid contains agglutinins for B typhosus 

Several investigators found a clear fluid in early lumbar punc- 
tures, and later, turbidity and increased pressure In only very few 
^\ as a definite cell count reported O’Carroll and Purser ® and Lemierre 
and Joltrain reported relatively high polymorphonuclear leukocytes 
in their earlier counts, although in the latter, a later count showed an 
increase of small round cells Bonnamour and Macrygenis reported 

11^ Lesieur, C, and IMarchand, M J Etat menmge au cours d’un fievre 
tjphoide Evolution benigne apres la ponction lombaire, Bull et mem Soc 
med d hop de Par 34 785, 1912 , Ibid , 780 

12 Lemierre, A , and Joltrain, E Menmgite purulente Eberthienne debut 
par symptomes d'otite aigue. Bull et mem Soc med d hop de Par 34 

C0 1 t 
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in then fiisl count a picdominance of lymphocytes and m a latei count 
80 per cent polymorphonuclears Unfortunately, no difteiential count 
was made m eithei of oui counts, but iheie was noted a piedommance 
of mononuclears 

MacCallunU' caiefully desenbed the minute pathology of typhoid 
meningitis Otheis^^ have found in geneial the same lesults as 
MacCallum Oui sections do not show the congestion of the veins, noi 
the blocking of the aiteiies by a cellular infiltration of the vessel wall 
and an endaitentis, as MacCallum appears to have found In fact, we 
see in our sections that the cellular infiltration is less maiked about the 
blood vessels than elsewheie, especially about the veins It is possible 
that we aie dealing with a more lecent meningeal involvement than 
MacCallum had, foi Cole noted that m that case meningeal symptoms 
weie maiked for one week befoie death with the bacilli alieady m the 
spinal fluid 

In OUI table, which includes twenty-three cases, the ages of the 
patients vaiy from 4 months to 55 yeais Theie aie eighteen males 
and five females Cole’s patients vaiied in age from 4 to 46 yeais, 
with five males and thiee females, three undei 20 yeais, two ovei 40 
Our table shows nine patients iindei 20 and thiee over 40 yeais of age 

Symptoms of meningeal iintation are so fiequent in typhoid cases 
that It IS difficult to judge ivhen the leal meningitis begins If daily 
spinal punctuies aie made, of course, the date of a tuibid fluid might 
be an index So fai, we know of no definite symptom that can be 
taken as an index of a puiulenl meningitis In oui case, weie an early 
1 estlessness, mvoluntaiy voiding of mine and feces, and rigidity an 
index of purulent meningitis 7 Of meningeal nutation, of couise' Or 
was this the second stage, after the gallbladdei involvement, with otitis, 
involuntary voiding of mine and feces and convulsions 7 We have 
taken the lattei view^ And so, m othei cases, we have taken wdiat 
seemed to be the final meningeal flaie-up before death as the stage of 
onset of puiulent meningitis Judging thus, we find its onset varies 


13 MacCalhim, W G Tlie Pathological Anatomy of Meningitis Due to 
Bacillus Typhosus, Johns Hopkins Hosp Kept 12 . 411, 1904 

14 Cintra, U Meningite puiulenta com bacillo cle Ebeith isolaclo do liqiudo 
cephalo-rachiano, Ann Paulistas de med e Cir 9 64, 1918 Crouchet and 
Bnaid Sur un cas dc ineningitc cerebio-spinale typhiqne, avei presence du 
bacille d’eberth clans Ic hquule cepholo-rachichen, Ga/ hehd d sc med de 
Bordeaux, 1902 Delilie Pediat prat Lille 3 89, 1905 Lacenson, R S Univ 
Penn Med Bull 21 55, 1902 Merklen and Gautier Meningite aigue eberthienne 
a forme puuilente Piesence du bacille typhique dans le liquid cephalo-iachidien 
Presse med , Jan 22 1917, p 51 Milhgan, E H M Isolation of the Typhoid 
Bacillus f.om the Spinal Fluid from a Case of Tjphoid with Ceiebrospmal 
Symptoms, Bnt M J 1 1295, 1908 Niettei, A Ueber den Nachweis vom 

55 AMo,.,nal,s, Manchen 
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from the first to the th]rt3^-fifth day Symptoms lasted then, for fiom 
one to ten da\ s, some showing convulsions, but many with other men- 
ingeal symptoms of involuntary sphinctenc relaxation, vomiting, 
intense headache, contraction of various muscles, frequently of the 
hands and face Cole found that symptoms began late from the second 
to the fifth week, and lasted for from two to five days 



I'lg 4 — Photograph of the meninges near a blood \essel showing pernascu- 
lar infiltration and the denser infiltration awa> from the blood vessels (ocular, 
4 objectue 6) 


^^e ha\e not accepted tt\o of the cases put m Bayne-Jones report, 
one b\ Gurd and Nelles which seems to ha\e been an abscess above 
the dura following an injury and not a meningitis, ecen though 


15 Gurd r B and Xelles T B Intracranial Abscess Due to the Tiphoid 
Bacillus \ni) Surg 47 4, 1908 Henry, J N and Rosenberger ICR Pin ii- 
lent Cerchropinal Meningitis Caused by the T\pho'd Bacillus without the Usual 
Intestinal Lesions of T\phoid Peier Am J M Sc 135 240 1908 
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typhoid bacilli were isolated The other (Raymond and Siccaid^®) 
was an infection localized in the lumbar -region, from which pus and 
a pure culture of typhoid was obtained After laminectomy, the patient 
recovered To us it seems that purely localized typhoid infection of 
the meninges, especially with recovery, should not be included 

The prognosis, as shown b} our table, is very bad Excepting the 
two cases, quoted above, neither of which is included in our table, 
there ha\e‘been no recoveries It is to be lemembered, that in thirteen 
cases of serous meningitis Cole found only one recovery Although 
Bayne-Jones does not give the number of recoveiies from serous men- 
ingitis m his table, he quoted Claret and Lyon-Caen as having found 
eight recoienes in thirteen cases Cole showed that there were no 
recoveries in Ins fourteen cases of purulent meningitis 

The question of treatment ma} seem out of place in a disease which 
has been so uniformly fatal Possibly prophylaxis ofters the best hope 
Lenneire and Joltiain,^- after iemo\al of spinal fluid, introduced elec- 
tiargol, eMdently with no results But since some recoveiies occui 
111 some serous cases, and some have noted a marked improvement 
following lumbar puncture, repeated punctures may help Even in 
some cases with amelioration of symptoms after puncture, which 
usually showed clear fluid, a purulent fluid formed later and death 
supervened 

To us, It seems that a purulent spinal fluid, with cultures showing 
typhoid bacilli, is pi oof enough of a t}phoid meningitis Of course, 
tins does not mean that necropsies should not be obtained, nor that 
other organisms may not be responsible But even in mixed infec- 
tions, except for statistical leports, what does it mattei if other organ- 
isms are present^ 

Purulent typhoid meningitis has been noted usually following 
abdominal typhoid, but also as secondary to other typhoid as witness 
one otitic and one infiaorbital wound 

Cole reported fourteen cases and Bayne-Jones eighteen We have 
ruled out tivo of the latter and added seven more All gave pure 
typhoid cultures from the spinal fluid, most of them before death 
In all these cases the organism has been isolated ivith a fair degree of 
accuracy All cases noted hav e terminated fatally 


16 Ra\mond, F , and Siccard, J A Epidurite purulente lombaire a bacilles 
d’Eberth dans la convalescence d’une fievre typhoide Paraplegic Ponction 
lombaire, Bull et mem Soc med d hop de Par 22 860, 1905 Robinson J E 
Case of Pnmarj Typhoid Meningitis South M J 8 37, 1915 Southard’ E E 
and Richards, E T F Typhoid Meningitis, J Med Res 19 513 ipQs’ 

typhosus und Meningotyphus, Deutsch Arch ’f klin 
Med 82 90 1905 Symmers and Wilson J Path & Bacteriol 13 251 1909 
(quoted from Bajne-Jones) Stuhmer, A Typhusbazillen in der Zerebros’ninaF 
flusigkeit Mimclien med Wchnsclir, 1911. p 357 ^ 



OBSERVATIONS ON CHANGES IN FORM OF THE INITIAL 
VENTRICULAR COMPLEX IN ISOLATED DERIVA- 
TIONS OF THE HUMAN ELECTRO- 
CARDIOGRAM 

F A WILLIUS, MD 

ROCHESTER, M1N\ 

The literature of recent jears has contained numerous contributions 
dealing with abnormalities of the initial \ entricular complex Q R S of 
the electrocardiogram Most authois,^ howe\er, have dealt largely 
with changes affecting all derivations consisting of abnormalities in 
complex contour or increase in the complex base width exceeding the 
recognized normal - 

Differences of opinion exist as to the cardiac disorder responsible 
for these deviations from the normal Most observers, I believe recog- 
nize myocardial changes affecting the i entricular conduction system, 
locally or diffusely Robinson® takes issue with the majoiity, and 
emphasizes the role of functional myocardial fatigue He presents elec- 
trocardiograms of a patient m which the aberrant complexes approach 
normal, yet do not attain normal after digitalis and rest I have not had 
the opportunit} of observing the abnormal complexes return to normal 
when all three derivations ha\e been affected In a previous article^ I 
called attention to the high mortality attending this disorder, and 
emphasized the progression of the disease The obMOUs criticism of 
this article is the paucity of necropsy material and the incomplete his- 
tologic data Careful serial histologic examinations have been in pro- 
gress for some time and will be reported later 

The fact that these patients rapidly show myocardial disintegration 
and die seems to me to indicate structural changes in the majority of 
instances at least, e\en in the absence of conclusne pathologic data 

1 Carter, E P Further Observations on the -Mierrant Electrocardiogram 
\ssociated with Sclerosis of the Atrlo^ entricular Bundle Branches and Their 
Terminal Arborizations, Arch Int Med 22 331 (Sept ) 1918 

Oppenheimer, B S and Rothschild, M A Electrocardiographic Changes 
Associated with Aljocardial Imohement TAM A 69 429 (Aug 11) 1917 

Robinson, G C The Relation of Changes in the Form of the Ventricu- 
lar Complex of the Electrocardiogram to Functional Changes in the Heart, 
Arch Int Iiled 18 830 (Dec) 1916 

2 Lewis, T Clinical Electrocardiographj, London Shaw% 1913, p 120 

3 Robinson, G C The Significance of Abnormalities in the Form of the 
Electrocardiogram Arch Int Aled 24 422 (Oct ) 1919 

4 W illius, F A Arborization Block Arch Int Med 23 431 (April) 1919 
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The frcquenc} of abnormalities of the Q R S complex in isolated 
derivations of the electrocardiograms prompted this study to deter- 
mine, if possible, the clinical significance of these findings Wedd' 
published thirty such cases, in twenty-one of which a definite clinical 
diagnosis of heart disea'^e was made, and in nineteen of which myo- 
cardial disease w'as noted Three cases were diagnosed syphilis and 
one case was diagnosed chronic nephritis without reference to the 
cardiOYa‘:cular s}stem In five ca'^es no clinical diagnoses w'ere 



recorded In conclusion, Wedd states ^Slight notching or localized 
thickening of the R complex of the electrocardiogram is frequently 
encountered in cases of unquestioned nnocarditis While no 

quantitatue \alue can be assigned to cuch notching, it is bclie\ed, 
when permanent, to indicate pathologic changes in the m>ocardium,’ 

and w'hcn transient to rc\eal a temporars or potential defect in the 
conduction system ’ 


r i ^ Chnical Significance of Slight Notching of the R-v a%c 

of the Electrocardiogram, Arch Int Med 23 515 f April) 1919 
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This study comprises 747 cases and covers a period of five and one- 
half years The cases were divided into two major groups, cases (550) 
with QRS complexes definitely notched, and cases (197) with slur- 
ring or localized thickening of the ascending or descending limb, or 
both Both groups were subdn ided according to derivation occurrence 
The accompanying electrocardiograms illustrate the abnormalities 
under discussion (Figs 1-6) 

Notched QRS Complexes —Se\enty-seven cases (14 per cent) 
were placed in Derivation 1 eighty-three (15 1 per cent ) in Deriva- 



Fig 2 (Case 293,424) — Notched QRS, Derivation 2 

tion 2, and the greatest number, 390 (70 9 per cent ) in Derivation 3 
In more than one half (53 1 per cent ) of the cases, the electrocardio- 
grams were associated vith preponderance of the left ventricle Table 
1 illustrates this occurrence This relationship at once directs attention 
to the left ventricle as the possible seat of disturbance at least in the 
majority of cases 

Etiologic disorders occurring in this group m order of frequency 
vere (1) degenerative processes, (2) infections, (3) local nutritional 
disturbances, and (4) congenital heart disease These findings are 
summarized in Table 2 
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There \\as definite evidence of heart disease in all except eighty- 
one cases (14 7 per cent ) This group was clearly separated in order 
to a\oid confusion in the final analysis, but it is recorded because the 
electrocardiographic findings were clear cut The elapse of more time 
may throw light on this extremely interesting group 

Negativity of the final ventricular T wave occurred m almost half 
the cases (41 8 per cent ), and was most frequently observed in Deriva- 
tion 3 (66 4 per cent ) There was no instance of T wave negativity in 
Derivation 2, or in Derivations 1 and 3 in combination This summary 
IS found m Table 3 



Fig 3 (Case 297,104) — Notched Q R S, Dernation 3 


Auricular fibi illation occurred in seventy-six cases (13 8 per cent ) , 
this infrequency seems to indicate that these patients as a group are 
still possessed with relatively efficient myocardiums Delay in aunculo- 
ventricular conduction occurred in only six cases 

Information has been receued concerning 410 patients, ninety- 
set en (23/ per cent) of these hate died from heart disease The 
highest mortality occurred in Dentation 2 (37 per cent ) A control 
senes corresponding in number, sex and occurrence by decade and 
excluding the graver types of heart disease, such as angina pectoris 
aneurysm, arbonzation block, disease of the aunculoventricular bundle 
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TA.BLE 1 — VnNTRict:L\E PRI:po^■pER^^rcE in Notched Complexes 
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TABLE 2 — Etiologic Conditions in Notchpd Complexes 
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Fig 4 (Case 287,083) — Slurred QRS, Dernation 1 
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TABLE 4 — Mortaut\ ix Notched Complexes Derivation 1 


Decade 

Total 

CTfw i 

n h 5 
■Hog 

Males 

m j 

1 i 

1 

1 

tr 

c 

0 

0 

Deaths Other 
thm Cir 
dmc 

Living 

0 

cr 

0 ' 

0 

> ' 

0 

(-< 

W ! 

Unchanged 

No Cardiac 

Symptoms 

■SI 

4 

3 

1 

2 

i 1 


1 2 

0 

2 

0 

0 

■RiH 

S 

4 


4 

3 


1 

1 1 

0 

0 

0 


23 

11 

5 

6 

0 

1 

11 

i 4 1 

5 

2 

0 

31-40 

12 

i ^ 

1 

3 

0 

4 \ 
3 
z 

:*\ Pneumonia 

1 y Influenza 

z Abdominal hemorrhage 

5 

1 ^ ' 

i 

1 

0 

■1 

41 50 

11 

8 ! 

2 

6 

4 


4 

2 

0 

1 2 



13 


4 

0 

4 


6 

1 2 

3 




5 

4 

3 

1 

2a| 

X Canter of the icetum 

2 

2 

0 



71 SO 

1 

1 

1 1 

0 

! 0 

1 


1 

1 




Total 

1 

77 

50 ' 

i 

19 

31 

18 

1 

32 

i 10 ^ 

11 

5 

■ 


14 c^ldlac cieiths, 28 per cent 
* r ich lettci relers to t single clntb other tlnn eiidiac 


TABLE 5 — Mortality in Notched Complexes, Deri\ ation 2 
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TABLE 6 — Mortaliti in Notched Complexes, Derivation 3 
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Fig 6 (Case 293,897) — Slurred Q R S, Derivation 3 
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TABLE 7 — Tot\l Mort\ltt\ in Notched Complixes 
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TABLE 9 — AIort\lit\ ix* T W WE >.EGXTniT'i Notched Complexes 
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F-g S (Case 252 579) 
At:g 15. 1919 


-Xotched QRS Derivation 3 snovrirg progression 
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TABLE 10 — ^Ventricul'^r Preponderance in Slurred Complexes 



Dern ation 1 
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2 

Derivation 3 

Decade 
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No 
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No 
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]So 
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0 
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6 
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TABLE 11 — Etiologic Conditions in Slurred Coiu>LE\ES 



Total 

Degeneratne 

Processes 

1 Infections 
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1 

I Nutritional 
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TABLE 12 — T Wave Negatimti in Slurred Complexes 
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and auricular flutter, re\ealed a cardiac mortality of 118 per cent 
This difterence in mortality is certainly definite 

Two hundred ninety-se\en patients are alive, ninety-four report 
their conditions as being worse, 131 as improved, and seventy-two as 
unchanged Thirty-nine report no cardiac complaints Tables 4 to 8 
summarize these findings 


TABLE 13 — Mort\lit\ in Slurred Complenes, Derivation 1 
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0 
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0 
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TABLE 14 — Mortalitv in Slurred Complexes, Deriv \tion 2 
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TABLE 15 — AroRT\LiT\ IN Slurred Complexes, Derivation 3 
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T^BLE 16 — Total Mortality in Slurred Complexes 
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TABLE 17 — CoNTROi Series 
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TABLE 18 — ^ItloRTALiTY IN T Wave Negatimt\, Slurred Complexes 
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Jf ILLWS—IXITJAL VEXTRICULAR COMPLEX 

In a preMous article I emphasized the significance of the negatne 
T \va\e in Derivation 1 alone' as indicatne of myocardial damage 
More than one half (53 6 per cent) of the patients with a negatne 
T wa-\e in this group ha\e died of heart disease Table 9 summarizes 
the T \\ a\ e negatn ity This obser\ ation demands careful iin estigatioii 

Sluucd QRS C ample \-c <: — This group comprises those QRS 
complexes in vliich localized thickening or slurring of the ascending 
or descending limb, or both occurred These changes are only slight 
departures from the normal 

Sixty-seven cases (34 per cent ) occurred in Dern ation 1, thirty- 
six (18 3 per cent ) in Dern ation 2, and ninety-four (47 7 per cent ) 
in Dern ation 3 Like the cases with notched complexes, the majority 
(43 6 per cent ) were associated with preponderance of the left ^cn- 
tricle (Table 10) 

Degeneratne processes (34 per cent ) and infections (35 4 per 
cent ) occurred equally as causatne disorders (Table 11) 

The number of cases in which the clinical findings did not corrobate 
the electrocardiograms was proportionate!} greater than in the pre- 
ceding group (forty-two cases, 21 3 per cent ) 

About one-third (37 6 per cent ) of the cases were associated wuth 
negatn It} of the T wave, again largel} affecting Dern ation 3 (56 8 per 
cent ) Table 12 illustrates these changes 

Only sixteen cases (81 per cent ) of auricular fibrillation and six 
cases of delayed aunculoi entricular conduction were recorded Infor- 
mation has been recened concerning 150 patients, thirty-six (24 per 
cent) ha\e died from heart disease The control ceries re\ealcd a 
cardiac mortali^ of 14 3 per cent (Tables 13 to 17) A definite 
difference m mortaht} is again obsened One hundred elc\en patients 
are alne, thirty-tw'O are in wor^e condition fort} -six are improicd, 
and thirty-three are unchanged Lleien patients report no cardiac 
complaints Table 18 summarizes T wace mortaht} 

DISCUSSION 

Notching and slurring oi the QRS complex, occurring in isolated 
derivations of the electrocardiogram, suggests a local rather than a 
diffuse disorder of the ventricles Whether or not this disorder is 
structural cannot be stated definitely at present owing to the meagerness 
of necropsy material The fact that the notched complexes in Tsolaled 
derivations are identical m contour with those m the cases nith intoUc- 

ment of all three derivation, makes actual changes in the myocardium 
a strong possibility 
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The slurred complexes are graphically less conclusive, yet the> are 
quite sharply contrasted with the normal Figures 7 , 8 and 9 illustrate 
progression from slurring to notching and from slight to marked 
notching 

I mentioned previously that a group of cases occurred in which 
the clinical findings were not sufficient to identify organic heart dis- 
ease, but m which the electrocardiograms definitely depicted notching 
or slurring of the Q R S complex (16 5 per cent of the total senes) 

I do not believe that organic disease can definitely be excluded in this 
group The majority of all the patients (82 5 per cent ) had fairly 
good “compensation” at the time of examination, that is, they were 
able to be up and about with relative comfort, and no instance of 
general anasarca was noted The degree of “decompensation” was 
recorded as 0 to 2 (on a scale of 1 to 4, minimum to maximum), while 
in the minority group (17 5 per cent ) the grades were 3 to 4 Thi<? 
method of grading myocardial efficiency is, of course, inaccurate, but 
it permits comparative study We are, therefore, dealing with a group 
of patients, whose myocardiums are quite efficient at the time of 
examination, and it seems possible that muscle changes, especially local 
disease, can be present before the grosser subjective and objective 
findings of myocardial disintegration become obvious 

That progression does occur is seen in the electrocardiograms of 
Case 252,579 (Figs 7, 8 and 9), and in the mortality statistics where 
the percentage in both the notched and slurred complexes nearly double 
those of the control series 


CONCUUSIONS 

1 Notching and slurring of the Q R S complex in isolated deriva- 
tions of the electrocardiogram must be considered as graphic entities 

2 These changes probably indicate local disorders of the ven- 
tricular myocardium affecting the conduction system 

3 Etiologic disorders occurring in order of frequency weie (1) 
degenerative processes, (2) infections, (3) local nutritional distur- 
bances, and (4) congenital heart disease 

4 The cardiac mortality m both the notched and slurred complexes 
practically doubled that of the control series 



THE INFLUENCE OF THE EXPOSURE TO THE 
ROENTGEN RAY ON THE PROGRESS OF 
TUBERCULOSIS ' 


JOSEPH A WEINBERG, M D 

OM \H\ 

It IS generally agreed that the Lest method for diagnosing tuber- 
culosis of the genito-urinaiy tract is by the inoculation of the urine of 
suspected cases into the peritoneal cavity of a guinea-pig However, 
this test loses much of its practical Aalue because of the time which 
must elapse before lesions are apparent in the guinea-pig after inocu- 
lation This work has been undei taken with two purposes in view, 
first, to shorten the time of development of tuberculosis in guinea-pigs, 
so that inoculation tests will be of more practical value to the clinician , 
second, to determine the role of lymphocytes as a factor in the pio- 
tection of guinea-pigs against tuberculous infection The exposure of 
guinea-pigs to the roentgen ray was suggested by the favorable report 
of John H Morton,^ in which it is stated that, whereas with ordinar\ 
technic a period of five weeks elapses before death, with the roentgen 
ray exposure tubercles are apparent in ten days Foitunately, the 
guinea-pig is able to withstand massive roentgen-ray treatments without 
apparent injury to the general system In Morton’s experiments, the 
animals weie roentgenized for ten minutes with the Coolidge tube, 
with the target twelve inches from the base of the container Five 
milliamperes with an eight and one-half inch spark gap was used 
From 1 to 2 cc of tubeiculous urine was injected intraperitoneally 

The effect of the roentgen ray on the resistance of animals to infec- 
tion has been a subject of discussion for several years Simonds and 
Jones, who were early workeis in this field, concluded that mice and 
guinea-pigs exposed to the roentgen lay showed a greater resistance 
to infection than did normal animals Lawen^ found that the resis- 
tance to infection of strongly roentgenized rabbits was greatly reduced , 
also if the roentgen lay had not been applied for too long a time, the 
injection of bacteria was followed by a rise m the number of leukocytes, 
but with heavy doses of the roentgen lay, the injection was followed 
by a fall in the number of leukocytes The cholera vibrio and typhoid 

Newr CoCtrMedTc..°e' of 

1 Morton, J H J Exper M 24 419, 1916 

2 Simonds, J P , and Jones, H M J Med Res 33 183, 1915 

3 Lawen, A Mitt a d Grenrgeb d Med n Chir 19 141, 1909 
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bacillus were used in this expenment Murphy and Ellis/ experi- 
menting with mice, found that roentgemzed animals died in the short- 
est time after inoculation with virulent organisms , next in order were 
splenectomized mice inoculated shortly after splenectomy, next Were 
splenectomized mice inoculated eight days after splenectomy, animals 
inoculated eight days after splenectomy showed the same resistance 
as did normal animals The most resistant animals were mice inocu- 
lated three weeks after splenectomy Taylor and Murphy® report a 
series of experiments in which the progress of infection vaned directly 
with the fluctuation of the lymphocyte count A lymphocytosis was 
produced in mice by the transplantation of mouse cancer Three mg 
of a culture of bovine tubercle bacilli was injected intraperitoneally 
The cancer immune mice died in 47 7 days, while the controls died in 
20 3 days Also, a series of mice were immunized against mouse car- 
cinoma and roentgemzed daily for seven exposures The roentgemzed 
mice lived 14 5 days following inoculation with tubercle bacilli The 
controls lived 32 5 days 

Simonds and Jones ^ found that rabbits exposed to the roentgen 
ray for from ten to fifteen minutes a day for three weeks, showed a 
steady decline in the number of leukocytes, mostly of the lymphocytes 
The formation of agglutinins was appreciably lowered 

Pappenheimer ® determined the effect of the roentgen ray on the 
lymphocyte by vsing trypan blue, which is a specific stain for degen- 
erating and dead cells Rats were exposed to the roentgen ray for 
fifteen minutes, killed, and exsanguinated, and the lymphocytes 
obtained from the thymus gland The cells showed 23 5 per cent 
stained as compared with 10 per cent stained in the control 

Hektoen ^ exposed white rats to the roentgen ray sufficiently long to 
produce a leukopenia lasting from fifteen to twenty days, continuing 
the exposures after the injection of sheep’s blood, and found that lysin 
formation was markedly inhibited He regards these results as an 
indication that antibodies are produced in the spleen, lymphatic tissue 
and bone marrow, as these are the structures which suffer from expo- 
sure to the roentgen ray A specific example would be the formation 
by the lympocytes of antibodies against tuberculosis 

Against the favorable reports to which reference has been made 
is the work of Corper ® Following the technic of Morton, but using a 
culture of human tubercle bacilli instead of tuberculous urine, he 
found a slight involvement of the spleen and lymph nodes after thirty- 

4 Murphy, J B , and Ellis, A W J Exper M 20 397, 1914 

5 Ta>lor, H D , and Murphy, J B J Exper M 25 609, 1917 

6 Pappenheimer, AM J Exper M 25 633, 1917 

/ Hektoen, L J Infect Dis 17 415, 1915 

8 Corper, H J Am Rev Tuherc 2 587 (Dec ) 1918 
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one days, and a general tuberculosis aftei forty-eight days He 
repeated the experiment, using, after the first roentgen-ray exposure, 
eight subsequent exposures, of five minutes duiation, without shorten- 
ing the time of death The average white cell count was 2,500 per 
c mm , as compared with 12,000 per cmm in the controls Corper 
also used benzene injections, benzene inhalations, thorium X, Koch s 
old tuberculin, and ethei, without increasing the susceptibility of the 
gumea-pig to tuberculosis The effects of the roentgen-ray on the 
progress of tuberculous infection is yet an unsettled question, although 
It IS an accepted fact that the white cells, and especially the lympho- 
cytes, are markedly reduced by exposure to the roentgen ray John 
Mackenzie ° states that “it has been shown that if lymphocytes of the 
body are destroyed by roentgen radiation of an infected animal, the 
development of the infection is much more rapid ” In view of the 
opposite conclusions arrived at by research workeis, the subject is 
worthy of further investigation, not only for its immediate value to 
the clinician, but also for its bearing on the factois of immunity in 
tuberculosis 

In my expeiinients the method used by Morton has been followed, 
with certain variations In all of the experiments, the inoculations 
were made intrapentoneally The tubercle bacilli weie grown on 
glycerin agar and Petroff’s medium The growth on the latter medium 
was the more luxuriant The tubeicle bacilli were weighed and then 
ground with fine sand m a mortal All of the apparatus used was pre- 
viously sterilized The bacteria were suspended in a 0 7 per cent 
sodium chlorid solution, and the proper volume of suspension injected 

In the first series, five guinea-pigs were exposed to the loentgen 
ray, using five milhamperes of current, an eight and one-half inch 
spark gap, with the taiget twelve inches from the base of the guinea- 
pig container The Coohdge tube was used The weight of these 
animals, as well as five controls, was recorded On the following day, 
the roentgenized guinea-pigs and the controls were each injected with 
1 mg of a third generation culture of virulent human tubeicle bacilli 
White blood cell counts and differential counts were made on three of 
the roentgenized animals and thiee of the controls These blood counts 
were repeated in ten days, and the weights weie again recoided One 
roentgenized guinea-pig showed a drop in the white cell count from 
15,000 per cmm before exposure to 8,600 per cmm ten days after 
exposure The least marked drop was from 14,000 to 10,400 One of 
the controls showed a drop fiom 12,000 to 11,400, while another 
showed an increase fiom 12,000 to 12,500 The results are recorded 
in the tables A majority of the roentgenized guinea-pigs showed a 


9 Mackenzie, J T Oxford Med 1 276 
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loss of weight after ten days, while the controls showed no appreciable 
difference Two guinea-pigs of this series died on the twenty-first 
day, and the others of the series were killed on the same day Three 
of the roentgenized and three of the control guinea-pigs showed tuber- 
culous lesions, either grossly or microscopically 


TABLE 1 — Series A White Cell Count 



Roentgenized 


Controls 



1 

2 3 

! 

1 

2 

8 

Before Inoculation 

15 800 

16 500 14 000 

16,000 

12,000 

12 200 

Ttn davB after inoculation 

8,600 

9,000 10,400 

15,000 

11 400 

12,600 

TABLE 2— Series A 

Examined Twenty-One Days 

AFTER 

Inoculation 


1 

2 

3 

4 

5 


Roentgtni/cd 

Killed — necropsy negative 

Killed— necropsy negative 

Microscopic lesions In lymph glands 
Gross tubercles in spleen, liver and lymph 
glands Rolled omentum 
Caseous lymph glands and rolled omentum 


Controls 

Microscopic lesions of liver and 
Ijmph glands 

Gross tubercles of spleen and 
glands Rolled omentum 
Necropsy negative 
Necropsy negative 

Tubercles In spleen and lymph 
glands Rolled omentum 


TABLE 3 — Series A Variation in Weight 



Roentgenized 

X 



Controls 

JL 


r 

1 

2 3 4 

~~5 

1 

2 3 4 

5 


Before Inoculation 

350 

376 

825 

395 

315 

370 

390 410 350 425 

Ten days after inoculation 

Roentgenized guinea pigs 
Controls 

330 

290 

290 

400 

235 

400 

370 395 855 405 

Average Loss of Welgl 
43 gm 

4 gm 


In this senes there was no difference observed in the development 
of tuberculous lesions in the roentgenized and control animals, but 
the roentgen ray was shown to have a marked effect on the white blood 
cells, especially the lymphocytes, and on the weight There were two 
variations from the method used by Morton The exposure to the 
roentgen ray was fifteen minutes instead of ten minutes, and a third 
generation culture of tubercle bacilli was used instead of tuberculous 
urine 

The above experiment was repieated, using the same culture, but 
exposing the guinea-pigs to the roentgen ray for ten minutes instead of 
fifteen minutes The white blood cell count was not made in this series 
Four roentgenized and four control guinea-pigs were inoculated after 
recording the weights Two of the controls died on the third day 
from a generalized pyogenic infection After ten days, there was no 
marked difference in loss of weight between the roentgenized and the 
control guinea-pigs At the necropsy two of the roentgenized and one 
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of the control guinea-pigs sllo^^ ed tuberculous lesions This indicated 
that there \s'as no difference in the stage of tuberculosis between the 

roentgenized and the control guinea-pigs 

In the next group of guinea-pigs (Senes C) the exposure to the 
roentgen ray was increased Four animals were exposed for fifteen 
minutes, the first dose being given one day before, and the second dose 
six da 3 "S after inoculation One mg of tlie culture used in senes A 
and senes B was injected White blood cell counts made six days 
after the second exposure showed a drop from 13,600 to 2,200 cells 
per c mm in one animal, and from 14,300 to 2 800 in another 

TABLE 4— Series B Ex\mixed T\\'exty-Oxe D\ys after Ixocue^tiox 


Koentgenized 

1 Xecropsy negative 

2 Necropsr negative 

3 Caseons lymph glands, rolled omentum 

4 Tuherdes m spleen and lymph glands 

Boiled omentum 


Controls 

Died on third day from pyogenic 
infection 

Died on third day from pvogenic 
infection 

Xecropsy negative 

Caseous lymph glands Boiled 
omentum 


TABLE 5 — Series B Vari\tiox iv Weight 



Bocntgenized 



Controls 

H 


/ 

1 

2 3 

4 

"l 

2 3 

4 


Before inoculation 

360 

8S3 

360 

410 

Died sec* Died sec- 

355 

373 

Ten days after mocolation 

2£>5 

350 

345 

355 

ond day ond dav 

345 

325 






Average Loss of Weight 

Eoentgenized guinea-pigs 






43 gm 


Controls 






40 gm 



TABLE 6 — Series C White Cell Count 


Eoentgenized Controls 

' , , ' , 

12312S 

Before inoculation 13 600 15 200 14,300 10,200 12 SOO 16,000 

Ten days after inoculation , 2 200 5 600 2,800 12 400 11,000 15,400 


The differential count showed practically all polymorphonuclear 
leukoc 3 ^es with 2 per cent lymphocytes The controls showed from 
40 to 50 per cent of l3miphoc34es The blood smears, stained with 
Wright’s stain, showed numerous fragments of basic staining matenal 
which I mteipreted as being broken up white cells, since they were 
not present in the smears of blood from tlie control guinea-pigs There 
was a consistent loss of weight obsen^ed which was not observed in 
the controls One of the roentgenized guinea-pigs died on the twenty- 
fourth da 3 ’^ two gumea-pigs died on the twent 3 ’--sixth da 3 % and one 
guinea-pig was killed on the twent 3 '-eighth day One of the controls 
died on the twenty-sixtli day, one on the twenty-eighth day, and two 
were killed on the twenty-eighth day Owing to an error, two of the 
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roentgenized gumea-pigs which died were not examined postmortem 
The other two showed tuberculous lesions 


TABLE 7 — Series C Vari\tion in Weight 




Roentgenized 



Controls 



















1 

2 

3 

4 

1 

2 3 

4 

Before inoculation 

390 

415 

295 

345 

325 

370 325 

320 

Ten days after inoculation 

340 

300 

310 

340 

335 

355 335 

295 







Average Boss of Weight 

Roentgenized guinea pigs 






33 gm 


Controls 






6 gm 



TABLE 8 — Series C Progress of Infection 



Roentgenized 

Controls 

1 

Killed on tirenty eighth daj , necropsy 
negative 

Killed on twenty eighth day, necropsy 
negative 

2 

Died on twenty fourth day, not exam- 
ined postmortem 

Died on twenty sixth day, tubercles 
in spleen, liver and lymph glands 

3 

Died on twenty-sixth day, tubercles in 
spleen and lymph glands Rolled 

omentum 

Died on twenty-eighth day, tubercles 
in spleen and lymph glands Rolled 
omentum 

4 

Died on twenty sixth day, not examined 
postmorem 

Killed on twenty-eighth day caseous 
lymph glands, rolled omentum 


Two roentgenized guinea pigs were not examined o\iing to error 


Three of the controls showed tuberculous lesions and one control 
was negative There was no appreciable difference m the time of 
death between the roentgenized and the control guinea-pigs 

Since there was a possibility that the roentgen-ray exposure which 
was given seven days after inoculation may have had a deleterious 
effect on the tubercle bacilli, the experiment as performed in series C 
was repeated, with the difference tliat two exposures were given with 
an interval of seven days, the inoculation being made one day after 
the second exposure Two roentgenized and two control guinea-pigs 
were inoculated One of the roentgenized animals died on the twenty- 
sixth day, the other one died on the twenty-ninth day Postmortem 
examination revealed microscopic lesions m both animals The con- 
trols died on the twenty-ninth and thirty-first day, respectively, both 
showing tuberculous lesions In these experiments the animals were 
injected with a known tuberculous sputum 

Microscopic sections were made of the spleen, liver and mesenteric 
and inguinal lymph glands in those cases which showed no lesions 
microscopically The sections were cut in celloidm and stained with 
hematoxylin and eosm In only two cases not showing tuberculosis 
macroscopically were the lesions revealed by the microscope In two 
cases showing tubercles grossly, the kidneys and lungs were also exam- 
ined microscopically, but neither organ showed tubercles The inguinal 
and mesenteric lymph glands, and the omentum were most frequently 
in\olved, while the spleen and liver, respectively, were next in the 
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ordei of frequency of involvement The tubercles in the liver and 
spleen of animals not roentgenized showed large mononuclear and 
epithelioid cells around a necrotic center, with lymphocytes diffusely 
arranged peripherally The blood vessels near the tubercles contained 
more than the ordinary number of polymorphonuclear leukocytes and 
lymphocytes, and there were a large number of these cells just outside 
of the blood vessels in the liver This would seemingly indicate that 
the cellular elements of the tubercle are of hematogenous origin The 
microscopic sections of tuberculous guinea-pigs which were roentgen- 
ized showed fewer polymorphonuclear leukocytes and lymphocytes 
than occurred in the controls 

Do the cellular elements of the tubercle originate from the blood 
or from the local tissue ? Metchnikoff maintained that the tubercle is 
of leukocytic origin, and supposed that the giant cell and epithelioid 
cells are derived from the lymphocyte This is in line with his gen- 
eral theory of the role of leukocytes Baumgarten stated that the 
proliferative processes from local tissue are concerned with the func- 
tion of the tubercle, basing his conclusion on the observation of mitotic 
figures in the local cells Evans, Bowman and Wintemitz performed 
an ingenious experiment to determine the origin of the tubercle cells 
They injected tubercle bacilli into the mesenteric vein of a rabbit, and 
then injected trypan blue into a vein The stain showed a degenera- 
tion of hepatic endothelium, which seemed to indicate that the large 
mononuclear cells at the site of the tubercle are derived from fixed 
tissue and not from the lymphocytes 

The knowledge of the function of the lymphocyte is very indefinite 
Because of the variation in classification of leukocytes it may be well 
to state that the term “lymphocyte” as used here includes only the 
small round cell leukocytes with a solid deep staining nucleus occupy- 
ing most of the cell Formerly, it was generally supposed that tuber- 
culosis IS always accompanied by a leukocytosis, and this was used as 
a, differentiating point between typhoid fever and miliary tuberculosis 
It has been observed, that with a mild tuberculous infection there is 
a relative lymphocytosis, but in some cases of visceral and pulmonary 
tuberculosis, the process is accompanied by a lymphopenia “ Warthin,^^ 
in 1896, reported two cases of tuberculosis with a marked leukopenia, 
in which the diagnosis was proved at necropsy In one case, the white 
cell count was as low as 1,250 during the course of the disease The 
differential count showed 5 per cent of lymphocytes 

10 Evans, Bowman and Winternitz J Exper M 19 283 1914 

11 Gruner, O C Biol Blood Cells, 1914 

12 Warthin, A S Med News 68 89, 1896 
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SUMMARY 

I have attempted to hasten the progress of infection in guinea-pigs 
following tuberculous inoculation by exposing the animals to massive 
doses of the roentgen ray In the first and second series of guinea-pigs 
there was no apparent difference m time of appearance of the tuber- 
culous lesions in the roentgenized animals and the controls In the 
third series, there was a difference of a few days in the time of death, 
the average time of death occurring two days earlier in the roentgen- 
ized animals than in the controls This series received two roentgen- 
ray exposures The fourth series showed the same difference in time 
of death between the roentgenized and the control animals, as was 
observed in Senes C 

The exposure to the roentgen ray has had an appreciable effect on 
the body metabolism It is possible that the more noticeable decrease 
m weight IS due to the more rapid progress of tuberculosis, but post- 
mortem examination of the roentgenized and the control animals does 
not indicate this to be the fact 

The exposure to the roentgen ray has a profound effect on the 
leukocytes, especially the lymphocytes A consistent drop in the white 
cell count and relative number of lymphocytes has been noted, the 
decrease being more marked in those animals subjected to more intense 
roentgenization The microscopic sections of tuberculous liver tissue 
in the roentgenized guinea-pigs show fewer polymorphonuclear leuko- 
cytes and lymphocytes in the blood vessels than occurred in the con- 
trols, which effect is probably due to the roentgen ray 

The tuberculous lesions differ from the lesions in the controls in 
that they have very few lymphocytes in the outer zone The epithelioid 
cells and large mononuclear leukocytes apparently are not decreased in 
number There was nothing in the gross or microscopic appearance of 
the lesions to indicate that the tubercles in the roentgenized animals 
were further advanced than those in the controls An inconsistency 
is noted in the frequency of tubercle formation in the spleen and lymph 
glands, as the lymphocytes are formed in the lymphoid follicles of the 
spleen and lymph nodes One would not expect these organs to be 
affected as readily as others if the lymphocytes are the mam factor 
in combating tuberculosis 


CONCLUSIONS 

1 Effect of the Roentgen Ray mi the Life of the Guinea-Pig — I 
have been unable to hasten the progress of the tuberculosis appreciably 
by exposure of the guinea-pig to massive doses of the roentgen ray 

2 Effect mi the Leukocytes — ^The leukocytes of the blood stream 
are markedly reduced in number by exposure to the roentgen ray The 
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reduction is proportionate to the length of exposure with a given cur- 
rent and voltage The lymphocytes are most markedly affected. 

3 Ongtn of the Tubercle Cells — The cells of the tubercle are prob- 
ably derived both from the local tissue and from the blood The pres- 
ence of the usual number of epithelioid and large mononuclear cells m 
the tuberculous lesions of roentgenized guinea-pigs, where there is a 
marked diminution in lymphocytes, indicates that these cells are not 
of lymphocytic origin The presence of an excess of lymphocytes in 
and around the blood vessels near the tubercles in nonroentgenized 
animals indicates that cells are carried to the lesions by the blood 
stream 
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Experimental Pharmacology By Hugh McGuigan, Ph D , M D , Professor 
of Pharmacology m the University of Illinois, College of Medicine Phila- 
delphia and New York Lea & Febiger, 1919 

In his preface the author states that an attempt has been made to present 
experimental pharmacology in a brief, concise form, yet to give the student 
an adequate view of the field The introduction and first chapter deal with 
general considerations of drug action, modes of drug administration and 
operative and other technical details The succeeding chapters are devoted to 
the pharmacology of the various systems of the body, with selected experi- 
ments illustrating the action of drugs on these systems Methods of biological 
standardization are described for those drugs for which these methods are com- 
monly applied The book is illustrated with a number of photographs, draw- 
ings and diagrams 

One criticism that might be offered is that the book contains too much 
extraneous matter Thus the introductory chapters contain definitions and 
general statements that properly belong in a textbook of pharmacology There 
is a detailed account of various methods of artificial respiration and resuscita- 
tion which seems quite out of place There is also a considerable space devoted 
to statements of physiological and pharmacological facts with' no accompanying 
demonstrative experiments 

The book should be favorably received by those teachers of pharmacology 
who desire to give a comprehensive laboratory course in the subject, as they 
will find a very large number of experiments from which to select the ones 
they especially desire 
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SODIUM CARBONATE IN CHLOROFOIQI POISONING - 


EVARTS A GRAHAM, MD 

ST LOUIS 


In 1915 ^ I described some experiments which indicated that chloro- 
form IS dissociated in the body in such a way that free hj^drochloric 
acid IS formed from it and that the toxic effects of chloroform are prob- 
abl}’’ to a great extent due to the action of the liberated hydrochloric 
acid The e\ idence on w hich this view w as based was as follows . 1 
The ease of the formation of three molecules of h^’^drochloric acid from 
one molecule of chloroform outside the body by oxidation m the 
presence of water suggests that also within the bod}’’ in the presence of 
w'ater and aiailable ox 3 'gen the same reaction might take place 2' 
Lesions in the li\er similar to those which occur in chloroform poison- 
ing can be produced experimentally with h 5 *drochloric acid 3 Free 
hydrogen and free chlorin ions were demonstrable in the necrotic areas 
of the luer 4 Observations on other chlorm substitution products 
of methane (dichlormethane and tetrachlormethane) showed that not 
only did they both ha\e the property of producing central necrosis of 
the liver, but that also this property was in direct proportion to the 
amount ot hjdrochlonc acid which each could yield theoretically m 

^ order CHo CL < CHCL 

< CGI, in respect to the power of each to produce central necrosis of 
e luer a Other zlkyl halides of the same type as chloroform 
vaa bromotorm (CHBr ) and iodoform (CHL), produce lesions in 

subbed chloroform, and endence 

was submitted that at least in the case of iodoform the analoirous 

halogen acid (hidnod.c) is fonned m the body, as shown by theCI 
at neutral sate of this acid are excreted in the urine 6 Thfproperty 
of producing central necrosis of the liver is annare„tl„ 
common to alkjl halides in general, since ethrfLlond^ etri'h^'* f 

chlorofo"' 'csions’seen in hpL’ 

cW^ poisoning; and, furthermore, that ethyl bromW and e%1 

Me'dicr Washington Unners.ft School o£ 

m Relations^ and Other Alkyl Halides 

I Exper ^Med 22 48. 1915 t'ormed b> Their Chemical Dissociation. 
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lodid are decomposed in such a way that hydrobromic and hydriodic 
acids, respectively, are formed in the body is indicated by the finding 
by other observers of inorganic bromin and lodin in the urine after 
inhalation of these substances It was also found that the toxicity of 
these various substances was in direct agreement with their ease of 
dissociation outside the body 7 That the property of producing liver 
necrosis was not dependent merely on the halogen content of the sub- 

/OH 

stance was shown by the fact that chloral hydrate ( CCI3 — CH ) , 

\OH 

which like chloroform, has three chlonn atoms, produces relatnely 
insignificant morphologic effects, and it is interesting that since this 
substance is excreted almost entirely as urochloralic acid, almost no 
hydrochloric acid could be formed from it within the body 8 Sodium 
carbonate in hypertonic sodium chlorid solution partially inhibited the 
production of the lesions by chloroform In one case it seemed to 
prevent the liver necrosis entirely, and uniformly its inhibitory effect 
on the usual swelling of the kidneys was very marked 

In a recent article by Davis and Whipple ® the statements were 
made, “We have attempted to repeat Graham’s observations on the 
protective action of sodium carbonate given intravenously during 
chloroform anesthesia,” and “these experiments indicate that Graham’s 
claims are based on incomplete or inaccurate observations Carefully 
controlled experiments show beyond a reasonable doubt that car- 
bonates given intravenously or by mouth have no effect whatsoever on 
the injurious action of chloroform on the liver ” 

Davis and Whipple used a method of experimentation somewhat 
different from that used in my own work, in that they administered 
chloroform to their dogs, for a period of one and one-half hours after 
a fasting period of three days, and for one and one-quarter hours after 
a fasting period of four days, instead of administering it for four and 
one-half hours to previously unstarved animals, as I had done These 
authors state that they have found “that liver injury is much more 
uniform after a preliminary starvation , this renders the animals more 
susceptible to injury, hence a shorter period of anesthesia is advisable ” 
From this we may conclude that Davis and Whipple worked with 
animals more 'susceptible to chloroform than those that I used 

Six experiments were conducted by them in all To four chloro- 
form poisoned dogs was given sodium carbonate in a hypertonic 
sodium solution, one dog received only “normal saline” solution, and 
another had no injection of either saline or carbonate In my experi- 

2 Da\ IS, N C , and Whipple, G H The Influence of Drugs and Chemical 
Agents on the Liver Necrosis of Chloroform Anesthesia, Paper II, Arch Int 
Med 23 636 fMay) 1919 
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ments, on the contrary, eight dogs and four guinea-pigs were used 
To four of the dogs and to two of the guinea-pigs sodium carbonate 
was given in a , hypertonic sodium chlorid solution, and to the remainder 
was given only physiologic sodium chlond solution The object of 
conducting the experiments in this way was to provide a control for 
each animal which received the carbonate solution The animals were 
always run in pairs, that is, both of two dogs or two guinea-pigs, of 
approximately the same weights, were given chloroform simultaneously 
for the same period of time, and while one of a pair was given an 
injection of sodium carbonate in hypertonic sodium chlond solution, 
the other animal was given an equivalent amount of physiologic sodium 
chlond solution in proportion to its body weight so that each of the - 
two animals received the same amount of fluid per kilo After com- 
pleting the administration of the anesthesia, both animals of a pair 
Avere put under identical conditions as to diet, etc , and both were 
sacrificed at the same time (two days after the experimennt) It was 
felt that this method would provide the best means of controlling the 
experiment because it afforded in each case a direct comparison of 
animals which had been subjected to identical conditions, with the 
single exception that one animal received sodium carbonate and the 
other did not 

In my experiments conducted in this manner it was found uni- 
formly that the animals which received the alkali had less necrosis 
than their controls, and in one case no necrosis at all occurred It was 
also noteworthy that the alkali animals seemed less toxic, and at 
autopsy other changes characteristic of chloroform poisoning, as well 
as the liver necrosis, were less conspicuous than in the control animals 
In spite of the statement of Davis and Whipple that “carefully con- 
trolled experiments show beyond a reasonable doubt that carbonates 
given intravenously or by mouth have no effect whatsoever on the 
injurious action of chloroform on the liver,” I must disagree with them 
for the following reasons 

In their work, only two dogs were used for control purposes These 
control animals were both dogs which had been given toxic doses of 
chloroform only a short time before (twenty-five and eleven days, 
respectively) Thus, these two served both as experimental and as 
control animals It should be stated in this connection, that Davis and 
IVhipple, instead of sacrificing the animals at the end of two days, 
merely removed small pieces of their livers and allowed the animals 
to remain alive They consider that complete regeneration of the 
chloroform poisoned liver may safely be assumed to have occurred in 
this period of time, basing their decision on earlier experimental 
results They do not demonstrate that it actually was complete in 
these particular dogs, and it is on this supposition very largely that 
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they question the validity of my results Moreover, of the two con- 
trol dogs, one received sodium chlond solution intravenously, whereas 
the other received nothing, so that there was only one control of the 
carbonate experiments m the manner in which I had tried carefully 
to control all of mine 

Again, It IS to be remarked, in reading the protocols of the experi- 
ments of Davis and Whipple, that in one of the carbonate experiments 
a note is made that “one of the old incisions has a superficial dis- 
charging pocket,” and in another one that the dog is “recovering from 
distemper ” It has been a frequent observation that infections, like all 
other conditions which remove glycogen, increase the susceptibility of 
animals to the toxic effects of chloroform , and for that reason it would 
seem unfair to draw conclusions from these dogs Furthermore, it is 
noteworthy that the diets after the administration of the chloroform 
were extremely varied, for example, of the carbonate dogs, two had 
a “fat diet,” one had a “casein diet,” and nothing is stated about the 
diet of the fourth dog Of the two controls, one had a “lean .meat 
diet,” and no information is given about the diet of the other More- 
over, even considering their experiments as recorded in their protocols. 
It is to be remarked that half of the dogs which received carbonate 
showed, as a matter of fact, less necrosis than one of the two controls 

Davis and Whipple are apparently inclined to consider the liver 
necrosis as the only important change produced by chloroform poison- 
ing, as they ask “why chloroform passes by all body tissues until it 
reaches the liver, where the hypothetical chemical reaction takes place 
with release of hydrochloric acid ” My position, however, has always 
been that although the liver is, perhaps, the most conspicuously affected 
organ, it is by no means the only one In fact, Whipple’s earlier articles 
directly controvert the idea of a specific susceptibility of the liver, inas- 
much as he has shown in his own expenments that other tissues are 
affected to a sufficient degree to show pathologic changes ^ The fact, 
for example, that the kidneys and heart muscle are markedly affected 
is so well known and has been observed so frequently by others that 
it u ould seem unnecessary to call attention to it again I do not agree, 
therefore, that the liver necrosis is the only important change produced 
by chloroform poisoning But I still hold the opinion that, since the 
decomposition of chloroform into' three molecules of hydrochloric acid 
IS an oxidation process in the presence of water, it is not surpnsing, in 
the light of the theory that the liver should show most conspicuously 
the anatomic changes of chloroform poisoning, in view of the fact -that 
the luer is an organ in which oxidation processes are very active, and 
perhaps more active than elsewhere in the body 

3 Whipple, G and Sperry, J A Chloroform Poisoning Liver Necrosis 
and Repair, Bull Johns Hopkins Hosp 20 278, 1909 
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This fundamental difference m assumption regarding the specific 
susceptibility of the liver to chloroform is of the greatest importance 
because it was possible to show that not only did sodium carbonate in 
hypertonic saline solution inhibit the necrosis of the liver, but that it 
diminished also the swelling of the kidneys For example, on page 61 
of my article referred to" it is stated, under experiment 3, that 
although there was a difference of weight between the two dogs at the 
beginning*of the experiment of only one-half kilo (the weights being 
4 5 and 5 kg , respectively) the respective weights 'of the kidneys at 
the time the dogs were sacrificed were 43 gm and 68 gm , a difference 
of 25 gm , that is, the kidneys of the dog which received the caibonate 
weighed only 43 gm as contrasted with 68 gm for the control Like- 
wise, the kidneys of the control dog were swollen and gray in appear- 
ance in contrast to a practically normal appearance of the kidneys of 
the carbonate dog Moreover, in experiment 4, although the carbonate 
dog weighed 0 2 kg more than the control (2 7 kg and 2 5 kg , respec- 
tively), the former’s kidneys actually weighed 9 gm less than those of 
the control when the dogs were sacrificed MacNider has corrobo- 
rated my findings of the protective action of sodium carbonate on the 
kidneys m experiments in which he produced chloroform intoxication 
of dogs which had been rendered nephropathic by uranium nitrate 
He states * “The protection of the kidney by the carbonate, which is 
shown by the kidney being functionally much more active during an 
anesthesia than the kidney of a control animal, and by the lack of fatty 
degeneration, acute swelling, and necrosis of the renal epithelium 
which is constantly seen in the unprotected kidneys, is probably 
dependent on two factors the neutralization of organic acids formed 
prior to and dunng the anesthesia, and the neutralization of hydio- 
chlonc acid which Graham has shown to be liberated by chloroform 
during an anesthesia induced by this substance ” The anesthetic sub- 
stance which he used was Grehant’s mixture which depends chiefly on 
chloroform for its anesthetic properties Again, m a more recent 
article, he concludes as follows solution of sodium_ carbonate 

equimolecular with a 09 per cent solution of sodium chlorid when 
given intravenously to anesthetized naturally nephropathic animals 
confers a variable degree of protection to the kidney ” 


4 MacNider, William de B The Inhibition of the Toxicity of Uranium 
Nitrate by Sodium Carbonate, and the Protection of the Kidney Acutely 
Nephropathic from Uranium from the Toxic Action of an Anesthetic by Sbdium 
Carbonate, J Exper Med 23 171, 1916 

nf u ^fN‘der, William de B The Stability of the Acid-Base Equilibrium 
of the Blood in Naturally Nephropathic Animals and the Effect on Renal Func- 
tion of Changes in This Equilibrium II A Study of the Efficiency of an 

to Protect the Naturally Nephropathic Kidney Against the Toxic Effect ^f^an 
Anesthetic, J Exper Med 28 517, 1918 ^ ^ h-ttect of an 
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Dhms and Whipple state also, that in my work “it was found that 
central liver necrosis followed the use of (1) dichlor- and tetrachlor- 
methane (in proportion to chlonn content) ” Particular pains were 
taken in my article to state that the chlonn (or halogen) content of 
the molecule had nothing whatever to do with’ the production of the, 
lesions, but that rather it was the production of the respective halogen 
acid from the molecule which was important On page 68 of my 
article, the statement is made, “These results seem to afford striking 
confirmation of the idea that the essential factor m the production of 
these se^ere lesions by alk}d halides is the halogen acid formed by 
decomposition rather than merely the halogen content of the molecule,” 
and again on pages 68 and 69, “Moreover, that the mere presence of 
halogen atoms m the molecule is not the responsible factor is demon- 

/OH 

strated by the fact that chloral hydrate (CCI3 — CH ), which, 

\OH 

like chloroform (CHCI3), possesses three chlonn atoms, produces 
relatnely insignificant morphologic effects Some other factor must 
therefore be responsible Evidence has been submitted to show that 
an important factor is probably the halogen acid (hydrochloric, hydro- 
bromic, or hydriodic acid) which is formed by chemical dissociation of 
the alkyl halides ^\lthln the body That these substances form their 
respective halogen acids in the body is shown by the occurrence in 
large quantity of the neutral salts of these acids in the urine In this 
respect they differ from chloral hydrate, which is excreted mainly as 
urochlorahc acid, and of which therefore only a small portion is 
decomposed to give neutral chlorides ” 

Again Davis and Whipple state (p 649), “In an article published 
in 1912, Graham makes the statement that chloroform is one of a 
group whose effect on organs is like that of asphyxiation He has 
later amplified this statement with the suggestion that many common 
anesthetic substances, including chloroform and ether, also carbon 
monoxid and potassium cyanid, are capable of dissociating in a manner 
vhich yields bivalent or unsaturated carbon It is easy to imagine 
that such compounds might then appropriate oxygen within the body, 
in order to satisfy their free bonds ” It was natural to think of the 
possibility of the direct union of bivalent carbon with oxygen at the 
time my article in question -was in preparation But the idea was dis- 
missed because there is little or no evidence to support it, at least as 
regards a group reaction In fact, Burker,® as early as 1910, suggested 
the possibility that the suppression of oxidations during narcosis is 
due to the appropriation of oxygen by the anesthetic substance This 

6 Burker Eine Neue Theorie der Narkose, Munchen med Wchnschr 
57 1445, 1910 
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whole question, of course, involves a consideration of many factors 
of which one is a difference in oxidation potential between the narcotic 
substance and the countless other substances in the cell which are 
oxidizable As Verw^orn " has pointed out, in so far as narcotic sub- 
stances as a class are concerned, carbon dioxid offers one serious 
difficulty to such a belief because of its inability to be further oxidized 
It IS not to be expected that absolute inhibition of chloroform liver 
necrosis can uniformly be obtained by the use of such an alkali as 
sodium carbonate, for the reason that this substance gains entrance to 
the cell with difficulty On page 59 of my article the statement is 
made “The degree of inhibition of the necrosis w^as subject to wide 
variations m the different experiments ” Also on the same page atten- 
tion was called to the fact that only once was complete inhibition 
obtained This fact senses to emphasize all the more strongly the need 
of controlling the alkali experiments carefully In this connection the 
recent excellent w^ork of Lynch, Smith and Marshall,® on “mustard 
gas” poisoning is of very great interest For they also come to the 
conclusion that the chief toxic effects of mustard gas are to be ascribed 
to the hydrochloric acid liberated from the mustard gas wuthin the 
body Also, as in piy owm w^ork, these authors found that an inorganic 
alkali (sodium bicarbonate), partially inhibited the toxic effect but 
not to uniform degree in all their experiments 

Because, however, Davis and Whipple disagree wuth my former 
results with sodium carbonate, it seemed desirable to perform another 
experiment Two normal adult dogs w^ere placed in adjacent cages 
for three days preceding the experiment and were given a liberal 
allowance of meat, bread and w^ater They w'ere then given chloroform 
(Malhnckrodt’s “Purified for Anesthesia”) for four hours, by inhala- 
tion, and kept as nearly as possible at the same depth of narcosis 
Immediately before the anesthesia Dog A w'^eighed 7,240 gm and Dog B 
w^eighed 5,675 gm During the anesthesia Dog A received 239 c c of 
Fischer’s hypertonic sodium carbonate solution (Nag CO 3 , 10, H^O, 
10 gm , NaCl, 14 gm , distilled water, 1,000 c c ), which w^as the same 
solution and the same proportionate amount as used m my earlier 
work To Dog B was given an equivalent amount ( 187 c c ) of sterile 
. physiologic sodium chlorid solution (0 85 per cent. NaCl) In both 
instances the solutions w’'ere w’’armed to body temperature and injected 
slowly into the external saphenous vein After being returned to their 
cages, both dogs were allow^ed meat, bread and w^ater freely On the 
follownng day Dog A (alkali) w^as found to be lively and responsive. 


7 Verworn Irritability, Yale Unnersity Press, 1913 p 260 

Marshall, E K On Dichlorethyl- 
sulgiid (Mustard Gas) I The Systemic Effects and Mechanism of Action 
J Pharmacol & Exper Therap 12.265, 1918 
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but Dog B (control) lay curled up in his cage Dog B had vomited 
se\eral times, but no vomited material was seen in Dog A’s cage 
Dog B died twenty hours after the completion of the administration of 
the chloroform 

Four hours later (twenty-four hours after terminating the chloro- 
form administration) Dog A was killed with chloroform, and both 
animals were immediately examined at necropsy While being given 
the chloroform to kill it Dog A (alkali) was sufficiently active to 
struggle vigorously Very marked gross differences were found in 
the appearances of the organs The liver of Dog B (control) was very 
edematous and yellowish cream colored, as if it contained an enormous 
amount of fat On the other hand. Dog A’s liver was purplish red m 
color and contained apparently only a moderate amount of excess fat 
Also, the kidneys of Dog B were gray in color and were clearly more 
swollen than those of Dog A The comparative weights of the organs 
were very interesting Although Dog B (control) weighed 1,600 gm 
less than Dog A (alkali), its liver weighed 6 gm more (270 gm and 
264 gm , respectively) than that of Dog A, and its kidneys weighed 
5 gm more (43 gm and 38 gm , respectively) 

The greater weight of Dog B’s organs was interpreted as being due 
probably chiefly to increased edema To determine this point more 
accurately, however, a portion of the liver of each dog was evaporated 
to dr)'ness on a steam bath, and the water content of both A’s and B’s 
Iners was found to be 73 6 per cent and 79 5 per cent, respectively 
In other words, therefore, the liver of the control dog had a watei 
content 6 per cent greater than that of the dog which received alkali 
Microscopically, also, there was a marked difference m the amount of 
necrosis in the two livers In Dog B the necrosis was practically com- 
plete throughout the whole section with scarcely any parenchymatous 
cell vhich seemed even fairly normal In Dog A (alkali), on the con- 
trar}’^, although the necrosis was marked, it varied in amount in differ- 
ent lobules from an involvement of from three-fourths to four-fifths 
of the lobule At the periphery of each lobule there was a border of 
several rows of parenchymatous cells which were practically normal, 
except for some fat vacuoles Dr Opie ytry kindly examined the 
livers of both dogs for me, both in the gross and from the micro- 
scopical slides, and he has permitted me to state for him that the 
difference in the amount of necrosis in the tw^o livers was so striking 
as to be unquestionable This experiment, therefore, is Confirmatory 
of mv earlier w'ork, and it show's that dogs may be protected to a 
variable extent from the effects of late chloroform poisoning by the 
admini'^tration of sodium carbonate 
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Finally, it should be said that the failure to obtain complete inhibi- 
tion nor even uniformly striking inhibition of chloroform necrosis of 
the liver by alkali, does not constitute a serious objection to the idea 
that the toxic effects of the alkyl halides are due largely to the action 
of halogen acids liberated from the respective substances The large 
amount of other evidence for the idea which is summarized m the 
opening paragraph of this article cannot be controverted by the mere 
fact that sodium carbonate will not always completely inhibit chloro- 
form necrosis of the liver. 



A STUDY OF MULTIPLE CARTILAGINOUS EXOSTOSIS 

FOUR CASES WITH REPORT OF CALCIUM AND MAGNESIUBI 
METABOLISM IN TWO CASES 

JAMES A HONEIJ, MD 
new haven, conn 

The first case was seen by me in 1912 in the service of Dr Francis 
H Williams at the Boston City Hospital, since which time several 
cases have been studied Early m 1917 a case in New Haven came 
under observation and was referred to me by Dr William F Verdi 
It was studied essentially for calcium and magnesium balances m con- 
junction with Drs Frank P Underhill and Jean L Bogert Eighteen 
months later a second case was studied, and the results compared with 
those found in the first case During this time, two other cases were 
under observation but no study of the calcium and magnesium metab- 
olism was made 

This report covers the complete examination of four cases, fiom 
a clinical, osteologic and roentgenographic point of view and includes 
the metabolic results in two of them A pathologic report of a growth 
removed in one case is also attached 

A brief review of the literature is given here and an analysis show- 
ing the bones affected in sixty-six cases, as well as other information 
bearing on the questions brought out by this investigation 

REPORT OF CASES 

Case 1 — R B, American, born in Connecticut, aged 22, male, single, oecu- 
pation, clerk Outpatient March 7, 1918 
Diagnosis — Multiple exostosis 

Complaint — None, except pain off and on up until two years ago 
Past History — Patient is one of six children three brothers and two sisters 
Weight at birth, 7 pounds, normal delivery, breast fed Had chicken pox, 
measles and whooping cough as a child 

Present History — At birth, feet were flexed upward against lower legs 
These gradually came down and patient was able to walk normally at 1 year 
of age Slight impediment of speech was noticed in early life He lisped, pro- 
nouncing “c” and “s” as “th ” At 2Vs years of age he was taken sick dur- 
ing the summer and had chills every day, followed by fever and aching feeling 
These chills did not occur at regular hours each day — thought to be malaria 
When 7 jears old (listless and did not play) a doctor was called who examined 
him, finding his knees, ankles, legs and wrists swollen and prominent but not 
painful Was given lime treatment and nourishing foods He improved 
rapidlj From then up to his tenth year he had whooping cough, measles and 
chicken pox Since then he has had no disease As a young, boy, he played 
the usual games, but noticed that his limbs ached on rainy days Photographs 
at 2V1 and 7 jears of age show a distinct asymmetry of face There i^ also a 
slight dcMation of the hands so that the radial styloid process is prominent 
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Patient has no complaint, except that he tires easily on working much 
Appetite normal When examined for the draft his weight was 100 pounds 
stripped At present date he weighs 111 pounds without coat and vest 

Phyncal Appeayancc — Rather poorly developed and undersized individual 
Narrow and slightly built with rather prominent bones Is knock-kneed, his 
left leg being especially curved, flat-foot, ankles are prominent It is noticed 
that his forearms and lower legs are much shorter in proportion to the rest 
of his body (Fig 1) Hips are narrowed Chest is flattened and the ribs are 
quite prominent Distinct bone protuberances on upper bones, especially ante- 



and lower legs are short in propor- 

Inn t remainder of the body The hips are narrow, the ankles proLnLt 
knock knees, especially the left i'uuiuiciiL, 


nor surface right thigh Hands are short and there is marked disproportion 
in length of fingers Face is distinctly asymmetrical Distinct bony^protuber 
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Lung and heart examination is negative Skin is normal, although rather 
dry The examination of the mouth shows unusually high palate and there 
IS a distinct deviation of the septum 
Rocntgcnog) apinc EvaminaUon — 

Skull (Not obtained ) 

Vertebral Column There is a lateral curvature and slight kyphosis Verte- 
brae are not large and the upper five dorsal show a greater transparency than 
IS usual The first, second and third dorsals appear somewhat compressed 
Ribs The thorax shows marked asymmetry (Fig 3) The ribs show a 
most unusual increase in their downward angle or direction This !■= especially 
true of the six upper ribs The ribs themselves are Dowea, the upper six, 
except the first, are considerably narrower than the others Anterior processes 
are decreased and in some places are practically obliterated, the ribs overrid- 
ing one another There are no definite exostoses 



2 — Case 1, R B Protuberance on anterior surface of right thigh 

Clavicles Are considerably bowed, even in diameter throughout, heavy, 
show no exostoses 

Scapulae Of normal proportions The right is somewhat irregular m 
outline at its outer border The acromion processes are rather large Glenoid 
fossae are rather shallow, small, especially so when compared with the size 
of the heads of the humeri, especially the left 

Pelvis Is small Lower portions, including the os pubis and ischii, show 
a i^tated development All the bones appear poorly formed, irregular m shape 
and outline There are definite outgrowths on the iliae and the os pubis is 
lowed and much increased in width The symphysis pubis is somewhat 
increased in width The sacro-iliac sjnchondrosis is extremely irregular in 
acetabulum is irregular in outline and the right somewhat 
s a ow The density of the pelvic bones, especially the lower portions of 
the ilii IS somewhat increased The pelvic cavuty is asymmetrical 
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Humen Right, approximately 31 cm m length Left, approximately 28 
cm long Ends are very large and the neck on the left side is also much 
increased in width The width of the head on the right is approximately 
4 5 cm and on the left approximate!}'' S 5 cm The shaft is approximately 
3 cm on the right and 2 7 cm on the left There are definite exostoses on 
the middle of the shaft on both sides, and on the left between the middle and 
the head, posterior surface The bone is heavy and shows no transparency as 
has been evident in some of the other cases The joint surfaces are apparently 
clear Epiphyseal lines are barely discernible 

Radii and Ulnae Extremely bowed, so much so that the radius crosses 
the ulna at its upper third (Fig 4) Approximate length is 21 cm on the 

right, 20 5 cm on the left The ulna is 21 cm on the right and 23 cm on 

the left The articulation is very free between radius and ulna Bones are 
somewhat increased m width and proportion The lower ends of the radii 
show the greatest increase in width The bone is affected for approximately 

8 cm on the left and practically the whole length on the right There are 



Fig 3— Case 1, R B Asymmetry of thorax, bowing of ribs, small scapulae 
and large humeri 

small exostoses The ulna shows the same changes excepting the greatest 
increase in width is at its proximal head The lower ends, however, are con- 
siderably deformed, are somewhat transparent and show exostoses The 
styloid processes are not developed The epiphyses are not determined Joint 
spaces are clear 

Femor^ The length of the femora is not determined They are approxi- 
mately from S3 to 56 cm in length The left femur is somewhat heavier and 
wider than the right The right, however, shows the greatest deformity and the 
onlv definite cauliflower-hke exostosis (Fig 5) Greatest width, head of right 
femur, is approximately 8 cm and the left 85 cm Appearance of the ends is 
clublike, with irregular outline, enormously widened neck and although show- 
ing irregular growth, shows no definite exostoses The exostosis on the rmht 
shows a definite outgrowth, continuous with the bone, is' some 5 cm in leneth 
by 3 5 cm in width There appears to be little cartilage and its density is 
even greater than that of the normal bone \bo\e this growth are two similar 
rounded, prominent processes, one of which appears as an outgrowth from 
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the cortex (Fig 6) The lower ends of the condyles appear to be some\^iat 
squared, surface slightly flattened, but otherwise within normal limits The 
bones do not appear to be transparent but the longitudinal striations as 
normally seen are very irregular and also irregular in density The epiphyses 
of the heads are clearly discernible The condyles, however, are not seen 
Tibia and Fibula The right tibia is 36 5 cm in length and the fibula 34 
cm This IS not the true length of the fibula as it apparently fuses with the 
tibia about 8 cm above its lower end At this point the tibia is 4 S cm in 
width, whereas, through the malleoli it measures only 6 cm in width 
middle of the shaft is 2 5 cm in width The head is 8 cm The head of t e 
fibula IS 3 5 cm in width and just below the head the width is 3 cm The 



Fig 6— Cartilaginous exostoses, cauliflower growth, on femur 


middle of the shaft is 1 cm and the lower end is 3 cm The left tibia is 
36 5 cm and the fibula is 32 cm in length The fibula is fused to the tibia at 
Its upper and lower extremities by a clublike formation which is approxi- 
mately 6 cm in length The tibial head is 8 cm wide, middle of shaft is 
2 5 cm and the lower end is approximately S cm , with the fibula which is 
fused to It, It IS approximately 7 cm At the upper extremity where the fibula 
and tibia are fused the width is 7 5 cm The fibula, middle of shaft, measures 
1 5 cm Width of the ends is not determined Bones show very little trans- 
parency, rather heavy penciling and longitudinal lines There are distinct 
powths as part of the bone, although on the right the fibula just below the 
head shows an exostosis which apparently arises from the cortex which shows 
as a heavy opaque line, about 2 cm in width Bones are slightly bowed 
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except the left fibula The epiphj'seal lines are not determined Joint space 
IS clear Tibial heads are not massive but show some surface flattening 
(Fig 7) 

Lateral view of right tibia, 8 cm from lower end, shows a very marked 
boblike exostosis -ttliich has pushed into the fibula, has bent it backward and 
has directly interfered with its growth It is this point which appears as a 
fusion on the anteroposterior view The lower end of the fibula, however, 
IS distinctly fused with the tibia (Fig 8) 

Hands Carpals The os magnum is enormous^ developed as compared 
w ith the other bones All the bones are somewhat ii regular in shape 



Fig 7 — Case 1, R B Anteroposterior and lateral views of tibiae and fibulae 


Metacarpals Show the usual disproportion m length The longest bone 
of the right hand is the second metacarpal which is 6 2 cm long The first is 
the shortest It measures 4 cm , the third, 5 7 cm , the fourth, 5 8 cm , and 
the fifth, 5 cm The ends of the bones are somewhat increased in width, espe- 
cialh the second metacarpal The changes, however, are slight, as compared 
with the other bones The longest bone of the left hand is the second which 
measures 6 5 cm, the shortest is the first which measures 4 2 cm The third 
measures 6 3 cm the fourth measures 5 5 cm and the fifth 5 4 cm The 
third metacarpal shows some increase in width throughout and the second 
and fourth show small exostoses 
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Phalanges A few of the bones show some increase in width, are irregu- 
lar in form and shoi\ small exostoses Penciling is very distinct There is 
also disproportion in length Joint spaces are clear The epiphysis is not 
determined in any of the bones, either phalanges or metacarpals 

Feet The length of the metatarsal bones is increased and they are dis- 
proportionate in length They show a few small exostoses , changes are not 
marked Phalanges also show deformities, change in shape, size and length, 
with exostoses on several Some penciling of the bone is seen Joint surfaces 
are clear Epiphyseal lines are not determined 

Case 2— E D, female, Italian (born in the United States), aged 16, occu- 
pation factory helper, entered dispensary, Jan 9, 1917 
Diagnosis — Chorea Exostosis 

Complaint— Mother states that patient has dropped dishes and knife and 
fork when eating Facial distortion and funny motions wuth arms and legs 
since four wrecks ago At present patient is hardl> able to walk Patient 
has to be dressed, in fact put to bed and fed b}' her family 



Histoiy Patient and family have noticed during last few years lumps on 
different parts of body, especially left arm just below shoulder These have 
caused no alarm and little attention Patient has been unable to raise the left 
arm to comb her hair 


Past Hisfoiy — Never has been ill 
Family Histoi y —Parents alne and well Negative 
Physical Examination -Pztient is noticeably short of stature, walks with 
a curious short step, automaton-like Motion of arms and legs is decidedU 
limited Skin is dark but clear Lungs and heart are negative The skeletal 
examination shows marked changes Both large and small, more or less hard 
mregular masses are felt on different parts of body, mainly near head of 
humerus, wrists, knees and ankles Hands and feet are small and show dif 
ference in length of toes and fingers More detailed information couW not be 
obtained Weight, appro.imatelj 100 pomids Height, appro.imaS 5 fee, 
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Rocntgenogiaphic Eramviafwu — Skull Diameters apparently within nor- 
mal limits There is no disproportion between the skull and face Teeth show 
normal dentition Sinuses are small Bones in general of normal density 
Tables of skull of normal width Sutures, circulatory depressions and inter- 
cranial density within normal limits Sella turcica is small The clinoid 
processes closely approximate each other 

Vertebral Column Cervical vertebrae within normal limits Dorsal and 
lumbar vertebrae, although small, are well shaped, within normal limits There 
IS a slight lateral curvature lower dorsal region The sacrum is small, vertebral 
diameter much increased Density and outline irregular, but no definite 
exostoses seen 

Ribs Show some bowing and increased downward angle from the verte- 
bral articulation The anterior ends of the bone are slightly irregular, some- 
what enlarged and widened and there are definite exostoses on the first, second 
and third ribs, left Thorax slightly cone-shaped, narrow Vertebral diameter 
increased 

Clavicles In general length and shape, clavicles appear to be normal 
Ends, however, are considerably increased in width and are porous and irregu- 
lar in outline At least 4 cm of the distal end of the right and 3 cm from 
the end of the left are distinctly thinned There is an exostosis, lower sur- 
face 3 cm from the distal end on the right 

Scapulae As far as can be determined show very few changes, except in 
the glenoid and axillary borders of both scapulae These are irregular and 
there are definite periosteal elevations and exostoses on the right On the 
vertebral borders of the left, at the lower end, there are exostoses also 
Acromion ends are somewhat porous, on the left they are slightly enlarged 

Pelvis Bones of the pelvis are small, flattened, somewhat distorted Iliac 
crest shows some irregularity The epiphysis is still ununited The epiphyseal 
line is slightly irregular Exostoses occur on both sides, middle upper A small 
exostosis occurs on the left outer border just above acetabulum Another 
small exostosis occurs on the right at the lower sacro-iliac synchondrosis 
inferior surface The os pubis is very large, increased in width, irregular 
surface and in marked contrast to the os ischii Small areas of periosteal 
elevation closely resembling exostosis are seen At os ischii on the right, below 
the acetabulum anterior surface, is a small exostosis 

Humeri Right humerus is 23 5 cm in length , width of head through epi- 
physeal line 4 cm Width of condyles 5 cm Middle of shaft 2 5 cm Left 
epiphysis 4 2 cm W idth of condyles 5 cm Middle of shaft 1 8 cm In the 
upper half of both bones the changes are marked Bone is increased in 
i\idth below the epiphyseal line The^ outer border on the right is irregular 
and the cortex is not visible The inner upper left border is also irregular 
Definite exostoses occur on both the inner and outer surfaces , definitely on 
the shaft — on the right, 5 cm and 8 cm below the epiphysis and on the left, 
3 5 and 7 5 cm below the epiphysis The upper half of both bones are but 
slightly porous and the processes distincty merged with the bone proper The 
lover half of both bones appears to be normal 

Radii and Ulnae Right, 17 cm in length Left, 14 3 cm in length Right 
ulna 20 cm in length, left ulna 174 cm in length From these measure- 
ments it IS evident that there is a great disproportion in length between the 
two arms (Fig 9) Ends are enlarged but not to such a marked extent as 
in the tibiae and fibulae Ulna is not as much affected as the radius The 
shafts show some periosteal thickening and the ends are affected for a dis- 
tance of (right upper) 3 cm, (right lower) 5 cm, (left upper) 3 cm, (left 
lower) 4 5 cm Longitudinal penciling is beautifully demonstrated The epi- 
phjseal lines are lery definite, the ends are not united except for the left 
low'er radius w'here union has taken place and the epiphysis is just as much 
affected as the lower diaphysis Small exostoses are seen on ends of all 
these bones Joint spaces are clear There is no bowing of the bones The 
stjloid processes are noticeably stunted and rounded 
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Femora Right Total length of the bone from the head to the lower 
articular surface is 37 5 cm Left is more difficult to determine but is approxi- 
mately 38 cm m length The ends of the bone are affected for 
10 cm above and below (on the right) On the left, the hone is affected f 
approximately the same distance This leaves only about 15 6 cm of the 
shaft unaffected The greatest changes are seen in the neck which is tre- 
menLusly increased m width (Fig 10) The angle is diminished and the 
ends appear deformed Numerous lines are visible indicating exostoses, some 
of which are considerably denser than the bone and others are transparent 



Fig 9 — Case 2, E D Radius and ulna, no bowing Marked dispropor- 
tion of carpal bones 

Growths at the lower ends of the bone are mostly transparent These growths 
are also somewhat different from the ones previously described as there seems 
to be a base line as heavy as the cortex in some instances, m which the 
growths distinctly arise The middle of the right femur is 1 8 cm , the upper 
end IS 6 3 cm and the lower end 6 5 cm wide Left upper is approximately 
8 cm wide, lower 7 5 cm Joint spaces and articular outlines are clear Very 
few changes are seen in the lower epiphyses of the femora The epiphyseal 
lines are discernible but not at the head of the femur Some of the growths 
are apparently crowned entirely by cartilage as they gradually fade away on 
the roentgenograms Low'er end lateral view of femora shows some of these 
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exostoses to be enormous, with definite stalactite processes Some of these 
growths are 3 5 by 5 cm and the stalactite processes 5 cm and more in length 
Tibiae and Fibulae Right tibia 29 cm m length Fibula 25 cm m 
length Left tibia 28 7 cm , fibula 25 cm There is marked contrast between 
the ends of the bones and the shaft For a distance of 10 cm right upper, 
the tibia is much increased in width and on the left for a distance of 6 cm 
Lower ends, approximatey 5 cm of bone show the same changes (Fig 11) 
The epiphjseal line is discernible but shows an increased deposit In the 
areas affected the cortex is not discernible The bones show beautiful pen- 
ciling, longitudinal striations and the lateral surfaces show definite exostoses 



Fig 10 — Case 2, E D Asymmetry of pelvis with enormous enlargement 
of upper end of femur 



Fig 11 — Case 2, E D Lateral and anteroposterior views of lower end of 

tibia and fibula and tarsus Exostoses on tibia and fibula Disproportion of 

tarsal bones 

These are somewhat more transparent than the bone itself These growths are 

not imposed on the cortex but appear to be part of the general growth of 

the ends The fibulae show greater changes than the tibiae The right fibula, 
middle of shaft, measures 1 2 cm and the upper head 3 5 cm The lower 
measures 3 cm This increased width extends for 5 cm above and 7 cm 
below The shaft is somew'hat increased m width and there is some periosteal 
change at the ends of the bone They show a greater increase in transparency 
and the lines run in all directions wutli superimposed lines from the growths 
There is a definite irregular outline to the bone wutli definite exostoses Left 
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fibula The ends show greatest changes The shaft is not as much affected 
The width of the middle is 9-10 cm The ends measure 4 cm above and 
2 cm below The upper end is affected for a distance of 5 cm and is similar 
m appearance to the right The lower end is less affected The bones are 
not bowed The epiphyses of the fibula do not show marked flattening or 
scarring The lateral views simply exaggerate some of the points brought 
out m the antero-postenor description Exostoses are somewhat more 
prominent 

Feet Right Changes are very slight in the bones of the feet Some 
enlargement of the ends The ends show slight periosteal swellings Some 
disproportion in length of the metatarsal bones Os calcis also shows slight 
periosteal and osteal changes The left foot is more affected than the right 
The greatest changes are seen in the os calcis, and in the third metatarsal 
The os calcis shows rather prominent exostoses, some transparency of the bone 
and definite penciling, also lack of development m the bones as a whole The 
third metatarsal is much shorter than the others The shortening is approxi- 
mately 1 5 cm greater than in the other metatarsal bones Large exostoses 
are seen at the distal end 



Fig 12 — Case 2, E D Disproportion m length of metacarpals 


Carpals Small, within normal limits 

Metacarpals Right hand Very short, rather broad, especially proximal 
fourth and distal third The usual differences in length between the second, 
third, fourth and fifth metacar, pals are lacking The longest metacarpal is 
4 8 cm and the shortest is 4 3 cm The first metacarpal, however, is 3 2 cm 

Left Hand Here the differences in length are well marked The bones 
are longer, contrast greater and the width not as marked as in the right 
hand The second metacarpal is 5 8 cm The fifth metacarpal is 3 5 cm 
Some exostoses are evident on the second fourth and fifth on the light, and 
on the third, fourth and fifth on the left These growths are all at the distal 
end approximately 1 5 cm to 1 cm from the end The ends of the bone both 
^Eg'”p) ‘^’stal are quite porous The cortex is solid, well formed 

Phalanges Show nothing unusual excepb for some increase m width of 
head and an exostosis on the fourth finger proximal phalanx 5 cm 
from proximal end Joint spaces are clear 

1^0™ Jn Connecticut, aged 16, single occu- 
pation tool maker, entered hospital June 24, 1917 ° 

Diagnosis Genu ^ algum Osteochondromata 
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Htstoiy — All of his life patient has noticed lumps on various bones of 
body which have grown in the last siv years During the past few years 
patient has noticed that the right knee was becoming badly “knocked ” Lumps 
are not painful 

Past Histoiy — Scarlet fever at 4, no other sickness 

Family Histoiy — Father and mother living and well, sister 3, living and 
well No other members of famih’ have any of these lumps 

Physical E'lamuiatioii — Patient is a well developed and nourished boy Skin 
good color Head no masses or tender points on scalp Ears negative 
Nose negative Eyes pupils round, equal React to light Conjunctivae 
good color Sclerae clear Mouth teeth in good condition Tongue clear 


/ 

Z 



Fig 13 — Case 3, C G Disproportion in length of thorax to lower extremi- 
ties and marked curvature of right leg 

Pharjnx tonsils buried Small white patch on right tonsil No tumors 
about facial bones Neck negative Thorax no tumors of ribs Abdomen 
normal , no masses or tender points Liver and spleen not enlarged Genitalia 
negatne Spine and pelvis free from tumors 

Extremities Scapulae and humeri free from nodules Right forearm 
the ulna is bowed backward, especially near its upper end (Fig 13) There 
IS a small cone shaped nodule near styloid process about 3 cm in diameter 
Near distal end, anterior surface of radius, is a nodule about 5 mm in 
diameter On dorsal surface of second, and third metacarpal bones, close to 
phalangeal joints is a small nodule only about 3 mm in diameter None on 
fingers except nodule second phalanx, fourth finger, close to first phalangeal 
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joint Small nodule dorsal surface inner border first phalanx little finger 
near proximal end Nodule first phalanx, fourth finger near proximal end 
Nodule on outer surface of thumb about half way between joints The nodules 
on fingers are only a few millimeters in diameter 

Left Forearm and Hand Similar bowing of left ulna though not so marked 
Nodule on posterior surface of ulna 2 mm in diameter and 3 cm from tip 
of styloid process On posterior surface of radius, close to inner border and 
2 cm from articular surface, is a very small nodule On anterior surface 
of radius 2 5 cm from lower end is a nodule 1 cm in diameter There is a 
small nodule on dorsal surface of second phalanx of middle finger close to 
first phalangeal joint Small nodule on dorsal surface of first phalanx of index 
finger, about half way between joints Small nodule on fourth finger, dorsal 
surface, close to metacarpal phalangeal joint Small nodule on inner side 
dorsal surface of first phalanx little finger close to metacarpal phalangeal joint 
Right Thigh In lower third outer surface of left femur is an irregular 
nodule (Fig 14), 7 by 5 cm On inner surface of femur just above condyle 
IS a tumor 5 by 2 cm These tumors are all firmly attached to bone, are very 
hard, not tender 

Right Leg On inner side of tibia is an irregular mass 8 by 4 cm , reach- 
ing to within 3 cm of upper end (Fig 14) Small nodule on outer surface 
of fibula S cm from upper end There is a group of nodules of varying si/e, 
from 2 mm to 1 cm in diameter, just above malleolus Similar group just 
above external malleolus 

Right Foot No nodules The third toe is much smaller than normal 
(Fig 14) 

Left Thigh There is a nodule on anterior surface of thigh 1 5 cm in 
diameter just above upper end of patella On outer surface is an irregular 
mass 5 by 3 5 cm beginning 5 cm from lower end of femur (Fig 14) 

Left Leg Small nodule on outer surface of fibula 5 cm from upper end 
Two nodules just above external malleolus On inner surface of tibia close 
to upper end is an irregular group of nodules 9 by 5 cm Group of nodules 
just above internal malleolus (Fig 14) None on bones of feet 
There is marked genu valgum of right knee (Fig 14) 

Blood Exammalion — Leishman's Stain Ward IE, 7/2)Ii/\7 Hemoglobin, 
83 per cent, leukocytes, 5,760, polymorphonuclears, 180, 60 per cent , lympho- 
cytes, 88, 29 per cent , transitionals, 22, 7 3 per cent , eosinophils, 2, 0 7 per 
cent , basophils, 1, 0 3 per cent , myelocytes, 2, 0 7 per cent , neutrophils, 2, 
0 7 per cent , pathologic lymphocytes, 3, 1 per cent , total, 300, 997 per cent 
Red blood cells (1) some slight amsocytosis , (2) no poikilocytosis , (3) no 
nucleated red or basophilic cells, (4) platelets apparently normal in number 
Upine Tirawmohon — June 25, 1917 specific gravity, 1027 Otherwise 
negative 

Roenigenogiaphic Erajiimafioii — Skull Diameters appear to be within nor- 
mal limits Shape and general proportions of the skull as compared with the 
face and jaw bones within normal limits Tables are thin The sutures are 
not evident There is no evidence of fontanels and the circulatory depres- 
sions are fairly discernible Sinuses are very large and transparent The 
sella turcica is within normal limits The maxillary sinus is very large and 
irregular in outline There is a small exostosis at the anterior nasal spine 
of the superior maxilla bone The mandible is well formed Shows an 
unerupted impacted molar The bones forming the orbit are very irregular in 


I Column Cervical region vertebrae are small, delicately formed 

but within normal limits The dorsal vertebrae are also within normal limits 
porter ^ exostosis of the sacral region posterior and left lateral 

Ribs Thorax is very narrow and long The ribs are very thin poorlv 
developed, narrow in width and show considerable bowing Dov^nvvard ang£ 
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are increased and there is great disproportion in the width of the anterior rib 
spaces posteriorly and anteriorly There is much increase in width of the 
anterior ends and definite exostosis occurs on the right fourth rib and on the 
left second rib front 

Clavicles Right shows slight bowing The left is straight Length of 
left clavicle is approximately 30 5 cm , right 14 cm Right shows the greatest 
changes, ends are much increased in width and the distal end shows a definite 
exostosis with considerable transparency and penciling of the bone There is 
periosteal thickening of both bones 



Fig 14 — Case 3, C G On outer side of both femurs and inner side of both 
tibiae abo\e and below are small nodules The middle toe on the right foot 
IS much smaller in proportion than the other toes 


Scapulae Are small, but the acromion processes are very large They 
are increased in width, transparent and show penciling The ends are irregu- 
lar Scapulae outline is slightl> irregular and there are definite exostoses 
occurring on the vertebral margin and just below the glenoid fossae on the left 
Pelvis For the length of the femur, the pelvis is small, irregular in shape 
and with irregular surface outline There are numerous exostoses and growths 
on the iliae, also on the os pubis Os pubis is considerably deformed, increased 
in width and the symphysis pubis is increased in width also Pelvic cavity 
IS decreased in size, although fairly symmetrical It is very difficult to deter- 
mine the sacro-iliac synchondrosis on account of its extreme irregularity The 
os ischii are also bowed and deformed 
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Radii and Ulnae Only the lower third of these bones was obtained There 
IS Ldent bowing and the ulna is shorter than the radius The lower end 
of the ulna does not approvimate the carpal bones within 1 cm Ends 
toh bones are .ncreased m w.d.h and there are definite 

to the eptphyseal line, and also a very large exostosis on the "ght radins 
5 cm above the lower end Most of these exostoses appear to be a definite 
part of the bones themselves A good deal pe^ihng and transparency 
may be seen at the lower ends of the radius and ulna, and part of the epi 
physeal line is evident The stvloid processes are rounded and shortened 

Joint space is clear 

Humerus Only a small portion of the humerus shows Approximate 
length of the left is 30 cm , right not obtained Width of the upper half 
apparently increased and there are definite exostoses visible at the inner border 
on the right 6 cm from the epiphyseal line, and on the left 12 cm from the 
upper epiphyseal line The epiphyseal line is evident and the epiphysis some- 
what flattened, enlarged, transparent and with typical penciling 



Fig IS — Case 3, C G Enormous bony growths on lower ends of the femurs 

Femora Approximate length of the right and left femur is 50 cm 
Bones are affected from the head for a distance of approximately 13 cm 
and the ends for approximately IS cm The bones are equally affected There 
IS marked disproportion between head, neck and shaft Neck is enormously 
widened but the whole upper end as well as the lower is extremely massive 
and club-hke The greatest width of the right is 8 cm above and 9 cm 
below The left is 85 cm above and 10 cm below The shaft (right) is 
2 5 cm and the left is 3 3 cm No definite exostoses, although the increased 
growth gives an irregular outline to the whole bone The lower ends, how- 
ever, show enormous stalactite growths one of which shows a beautiful’ cauli- 
flower process at its terminal end (Fig 15) This particular growth is some 
9 cm long and its greatest width is 25 cm The bone is not particularly trans- 
parent Longitudinal lines, however, are evident, although somewhat dense 
Ihe epiphyseal lines are also evident but are irregular, not sharply outlined in 
form, shape or outline There are no growths, masses or bone changes The 
joint spaces are clear (Fig 16) “ 

Tibiae and Fibulae The changes here are remarkable The ends of the 
ones are immense, with very irregularly formed evostoses, stalactite processes 
presenting a striking appearance (Fig 16) The length ol the right TbaTs 
approMmately »a cm, of the left 39 cm Right fibula somewhat difficult 
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to determine on account of the growths, the right is approviinately 36 cm in 
length and the left 365 cm The width of the bones is impossible to deter- 
mine on account of the fusing of the fibula with the tibia (Fig 17) The 
total width of the twm bones upper end, right, is approximately 10 cm, lowei 
end 10 cm , left approximately 11 and 65 cm Right middle shaft of tibia 
2 5 cm , left 3 cm Right fibula 13 cm , left 13 cm Except for 19 cm of 
negative bone in the shafts of both tibiae and fibulae, the rest is definitely 
affected The shafts, however, show periosteal thickening There are enor- 
mous coarsely formed exostotic growths The bone itself (ends) shows 
hea\y longitudinal lines, not very transparent Epiphyseal lines are irregular 
and barely discernible The heads of the tibiae show squaring, flattening and 
some widening (Fig 16) Joint spaces are apparently clear The lateral 
views add nothing to the picture except the transparency is somewhat more 
apparent and in irregular and more or less circumscribed area Some of the 
growths are continuous with the bone proper and others apparently have arisen 
from the cortex (Fig 18) 



Fig 16 — Case 3, C G Femurs, tibiae and fibulae showing growths on 
diaphjsis and epiphysis 

Carpals Right except for some transparency and penciling of the bones 
and slightly irregular form, the bones are negative 

Metacarpals They differ in length and are disproportionate The longest 
bone on the right is the third metacarpal which is 6 cm and the shortest is the 
first metacarpal which is 4 3 cm The second measures 5 7 cm , fourth 5 6 cm 
and the fifth 5 cm The proximal head shows the greatest widening, while 
both ends show transparency and irregular form with slight exostoses on the 
second and fifth bones The distal epiphyseal lines are very evident as also 
the proximal epiphyseal line of the first metacarpal There are also periosteal 
changes in shafts of the second and fifth metacarpals 

In the left hand the longest bone is the second metacarpal which measures 
6 5 cm , while the first and fifth are equal in length, being 54 cm The third is 
6 cm and the fourth is 5 5 cm The changes are similar to those in the other 
hand, the only exception being the third matacarpal which is most affected 
The interesting point in the matacarpals of both hands is that the distal 
epiplnses show these changes The greatest changes are seen on the ends of 
the bone 1 cm and less from the epiphyseal line 
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Phalanges Also show disproportion in length The right hand shows the 
proximal phalanx of the second, third and fourth digits to be of the same length 
while the left shows the second to be shorter than the third and fourth The 
flaring of the shafts and periosteal changes and the increase in width with 
slight exostoses is the same as described in the other cases The epiphyseal 
lines are sharply demarcated and well discernible There are definite exostoses 
on several of the phalangeal bones The joint spaces are clear There are no 
marked deformities 

Feet Lateral views only These show the greatest changes m the meta- 
tarsals which are bowed, irregular m outline, enormously increased in width 
at the proximal and distal ends with definite exostoses on several of the bones 
There is also some transparency and pencilling, mostly of the proximal por- 



Fig 19 — Case 4, R W H The disproportionate shortness of the lower 
legs IS well shown 

tions The tarsal bones show beautiful penciling and an increased trans- 
parency The os calcis is large and well developed, whereas the astragalus is 
well developed, small The growths are exaggerated and the portions are dis- 
proportionate in size There are also periosteal changes No definite exostoses 
The joint spaces are sharply outlined and perfectly clear 

Case 4 — R W H, born in South Carolina, age 31, male, single, occupa- 
tion till 19 on farm and then clerk and bookkeeper Lived m South Carolina 
all his life A%erage weight, about 114 pounds Examined, June, 1918 (Fig 
19) 

Family Histoiy — Grandmother, father’s side, died of old age, 69 years, 
grandmother, mother’s side, died at 33, cause unknown , grandfather, father’s 
side, killed in Civil War, grandfather, mother’s side, died of old age, 79 years 
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Ivlother died at 38 from pneumonia Father living at 62 in good health Tall 
On mother’s side all of good size She, however, was quite short in compari- 
son to others Two uncles, both healthy, but younger of two is similar n 
stature to patient Four aunts, nothing abnormal One brother alive and well, 
70y> inches in height Three sisters alive and well One sister died of tuber- 
culosis at 18 Four half brothers born after second marriage of father, all 
alive and well with exception of one who is similar to patient in stature, but 
very strong One half brother died probably of typhoid fever Three half 
sisters all healthy Seven nieces all alive and well , three nephews alive , two 
are well, one has peculiar throat trouble, otherwise well One nephew died in 
childhood, cause unknown All normal m size Mother and father were third 
cousins Second marriage no relationship at all Family diseases no cancer, 
no heart disease , no “rheumatism no pellagra , no hookworm Tuberculosis 
in one sister, an aunt and three of her children 

Past /Tij/oiy— Breast-fed till IVs years old, then usual table diet (Break- 
fast Meat, corn mush, butter and syrup, flourbread Noon Vegetables, milk, 
bread and butter, pie, corn bread Supper Rarely meat, milk, butter, corn 
bread and butter, fruits and milk Corn bread was quite commonly used ) 
Diseases Measles, whooping cough, mumps, malaria ( ^) Mildest kind of 
attacks No “stomach trouble’’ in childhood In 1912 a nervous breakdown 
with gastric disturbances Pam in epigastrium after meals and between meals 
Pain was general and not related to meals, occasionally when without meals 
Never vomited No bowel disturbances Always able to work and gained 
in weight during his illness Venereal History Gonorrhea in 1916, dura- 
tion one year, treated and cured Syphilis denied No history of secondaries 
Picsent Histoiy — At 6 years father noticed enlargement on inside of right 
ankle Was treated with lodin locally No diagnosis made Within two years 
the other ankle showed enlargement There was no pain or difficulty in 
walking From time to time, until 10 years of age these lumps were discovered 
all over the body, especially under left arm, in axilla, and on ribs Since that 
time, between the ages of 10 and IS they appeared on lower extremities and 
after an injury to left hip on that region During this time fell on coccyx 
and a mass developed there, this, however, was somewhat softer than the 
others Met with no other accidents , never had any fractures Last one 
noticed was on the outer side of the right thigh, at age of 23, following a 
fall two years before, at which time he had distinct ecchymoses Never pene- 
trated skin Has noticed certain ones disappear under arm, on left wrist and 
little one on thumb One on wrist disappeared five years after first noticed, 
when he was 14 years old Size was about that of a half-dollar and elevated 
skin about a quarter of an inch Chief complaint Limitation of motion, 
lower limbs only Cannot bend and reach feet normally and is handicapped 
on hikes and m calesthenics Otherwise no discomfort Urine and blood 
examination of no interest 

RocnigenograpJnc Examination — Skull Diameters within normal limits 
The proportions of the face are comparable to those of the skull Teeth show 
normal dentition Sinuses within normal limits The bones are of normal 
density except for the mala and zygoma which are larger and heavier slightly 
more irregular than normal Tables of the skull, posterior half show increased 
width, are denser and the internal and external surfaces show some irregu- 
larity Sella turcica is fairly large, within normal limits The sutures cir- 
culatory depressions and intercranial density within normal limits 

Vertebral Column Cervical vertebrae irregular m shape and form Sur- 
face IS also somewhat irregular There are no definite exostoses The dorsal 
portion shows a definite double lateral curvature Vertebrae, are well formed 
Ribs The ribs are considerably more bowed on the right than on the 
left Downward angle of both sides increased Rib spaces are very narrow 

horax is definitely asymmetrical Anterior ends are increased in width and 
are somewhat irregular wiain and 
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Clavicles Show considerable bow'ing and are enormously increased in 
width at the ends The right measures approximately 15 cm in length The 
proximal end is 3 5 cm wide , distal end is 3 cm wide Middle of the shaft 
IS only 1 5 cm wide The bones are affected for approximately 5 cm from the 
ends leaving approximately 5 cm unaffected The left is also 1 5 cm in 
length , 2 5 cm wide proximal end, 1 8 cm distal end , middle of shaft is 
1 5 cm Left consequently is not as much affected as the right Definite 
exostoses and same changes described in the other bones are seen here 

Scapulae Are decidedly small if compared with the acromion process and 
the humerus Angles are increased, surfaces are irregular Glenoid fossae 
are shallow and small Acromion shows increased length and width — is also 
transparent, with considerable penciling The distal surface is slightly irregu- 
lar The acromion clavicular junction is increased in width and the end of 
the clavicle does not fit as closely as in the normal This is usually due to 
changes in the clavicle 



Fig 20 — Case 4, R W H Asymmetry of pehis and large head, neck and 
trochanters of the femur 

Pelvis Within normal limits as to general size, proportion and shape, 
except for changes in the os pubis, where the bones are somewhat irregular in 
outline and shape and show definite exostoses They are increased in width 
and are well contrasted to the os ischii Definite exostoses left ilium mid- 
portion, superior posterior surface Outlines of the bones in general are 
irregular Bones are not transparent There is a slight asymmetry of the 
pelvis as a whole (Fig 20) 

Radii and Ulnae Bones of both forearms are curved (Fig 21) Surfaces 
are irregular The ends of the bones are considerably more porous than 
usualh The cortex is not visible in several areas The middle of the shafts 
shows the medullary canal to be considerably occluded In the right the 
radius from the head to the tip of the styloid process is 23 4 cm and on the 
left IS 23 7 cm Right ulna from the tip of the olecranon process to the tip 
of the stjloid process is 23 9 cm On the left, the ulna is 22 9 cm The width 
of the shaft of the radius, right is 1 6 cm and left 1 7 cm The width of the 
ulna, right, is 2 cm and left 1 5 cm Greatest changes are seen at the ends 
of the bones approximate!}" 7 cm from the lower end of the right radius and 
approximate!} 6 5 cm from the lower end of the left The proximal ends of 
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the ulna, ]iowe\er, show the greatest changes The heads and the coronoid 
processes are increased in width, are very porous and irregular in outline 
The epiphyseal lines are practically indiscernible The epiphysis and diaphysis 
appear as one bone There are definite exostoses, the largest being on the 
right 5 to 7 5 cm from the lower end adjoining the ulna The shape of the 
ends of the bone is considerably distorted, blunted and rounded Joint spaces 
are clear 

Femora Right Length of the femur approximately 15 cm Width, right 
upper, approximately 9 5 cm, lower 9 cm — if including the exostoses 10 5 cm, 
middle of shaft 2 5 cm Left Length of left femur approximately 19 cm 
Width, left upper 9 5 cm , left lower 9 5 cm , middle of shaft 2 5 cm 

The bones are affected for approximately all but 18 cm of the shaft Ends 
of the bones appear as massive clubs, irregular in form and outline, with 
definite large round and stalactitelike processes (Fig 22) Some of these have 



Fig 21 Case 4, R W H Considerable bowing of the radius and ulna 
disproportionate growth in length, rounded styloid and exostoses 


il,!? n fr”", ossifii^tion There is great lack of proportion between 

enri i i ^ epiplijseal lines are not discernible The lower 

of thf honr growths are apparently continuous with the growth 

of the bone and show distinct longitudinal penciling with transparency The 
shape of the lower ep.phjsis ,s within normal limits and the joZ splTeZ clear 
Humeri Right is approximately 35 cm long, left is 33 cm lon^ R X 
does not show as much clianffe as thp Ipft- TUa i ^ ^ Right 


606 


ARCHIVES OF INTERNAL MEDICINE 


and in the inner upper ends approximately 10 cm from the head Epiphyseal 
line IS fairly well seen The lower end of the bone shows very slight changes, 
some increase in width, some periosteal change and decided transparency Right 
no greater, however, than the left Left Head is 5 7 cm wide and 10 cm 
below this It IS 4 5 cm wide Bone is affected for a distance of 16 cm 
Definite exostoses with marked cortex, medullary and periosteal changes are 
seen The lower end is practically unaffected Epiphyseal line not determined 
In both cases there is lack of contrast between the surface, neck and the shaft 
Joint spaces are clear 

Tibiae and Fibulae The most striking changes are seen in the tibiae and 
fibulae Ends are fused together In the case of the left lower tibia and 
fibula which appear as one bone, middle of fibula is almost as wide as the 
tibia (Fig 23), being 1 7 cm as compared to 2 5 cm on the right and the 



Fig 22 — Case 4, R W H Enormous growths of different types on both 
the upper and lower extremities of the femur 

left 1 7 cm as compared to 2 3 cm There is no division line Longitudinal 
lines are transparent and continuous throughout Right tibia is 36 cm in 
length, fibula is 33 cm in length (Fig 24) Left tibia 34 cm m length and 
the fibula 31 cm Greatest width of right tibia is approximately 8 cm above 
and 5 cm below' and 2 5 cm in middle of shaft The fibula cannot be deter- 
mined on account ot its enormous growth Left tibia is approximately 7 cm 
w ide abo\ e, but cannot be determined below The total width of the tibia 
and fibula is 5 5 cm Practically the entire diaphysis is affected except for 
an area not greater than 10 cm on the right and 8 5 cm on the left Fibula 
appears affected throughout There is marked transparency of the ends 
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Throughout the whole bone beautiful longitudinal penciling is seen The 
epiphyseal line is not discernible The upper epiphyses of the tibia are flattened, 

square and somewhat irregular in shape 

Carpals There is considerable disproportion between the various carpal 
bones of both hands Capitate is \ery large and the lesser multangulum is 
very small The greater multangulum appears to be fused with the le^er 
multangulum This is also true of the capitate with the hamate bones Ihe 
traperiform bone on the right shows a definite exostosis (Fig 25) 



Fig 23 — Case 4, R W H Lateral view of the tibiae and fibulae show- 
ing distribution and types of new growths 


Metacarpals — Show a marked disproportion in sire in both hands The 
right longest bone is the third metacarpal wdiich measures 6 cm and the 
shortest is the fifth Avhich measures 4 5 cm The first and fourth measure 
4 6 cm On the left the longest bone is the second metacarpal which measures 
6 7 cm and the shortest is the first metacarpal which measures 4 2 cm The 
fifth IS 5 cm long, the fourth, 5 5 cm and the third, 6 3 cm Heads of both 
proximal and distal are enlarged and show considerable porosity There is 
howe\er, no deformity of the metacarpals on the left but on the right the 
second fourth and fifth are deformed Exostoses appear approximately 2 cm 
from the distal end (Fig 25) 




Fig 24 — Case 4, R W H Anteroposterior view of tibiae and fibulae show- 
ing growths on both bones and disproportionate development 



Fig 25 — Case 4, R W H Variation in length and size of carpals and 
metacarpals deformity of wrist 
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Phalanges There are considerable changes in the phalanges ot both hands 
Tor the most part, the bones are porous, the cortex uell outlmed the bones 
increased in v.idth and the surfaces considerablj irregular There are also 
definite small exostoses seen on eight of the bones in the different finge s 
(Fig 25) Wherc%er there is an exostosis the porositj ot the heads appar- 

entlv continues \Mth the exostosis , , , 

Feet Right Changes in the metatarsals are as marked as those seen in the 

metacarpals The second metatarsal is onl> 5 cm m length, the first being 
6 3 cm , the third, 7 cm , the fourth, 6 5 cm , and the fifth 6 cm The left 
metatarsals do not show the same changes The ends ot the bones are 
increased in width and the epiphjseal lines are not e\ident Marked trans- 
parency and heautifulh pencilled longitudinal lines are seen and definite small 
exostoses occur The same changes are noticeable in all of the phalanges 
The tarsal bones, except for their greater transoarencj and penciling shoiv 
\er\ slight changes Joint spaces are clear 


DISCUSSION' 

From a studj’’ of these four cases it is e\ident that the flat bones, 
that 1 *=, the scapulae, iliae, ribs and even the skull bones, are frequently 
affected and to quite an extent The long bones, although markedly 
affected in most cases, ma} , m some cases, present ver\ little change 
This is quite noticable in the humerus In general, the femur, tibia 
and ulna bones show the greatest growth changes and, on the other 
hand, the \ertebrae and facial bones show the least, often no changes 
at all 


TABLE 1 — The Lex'gth of Metaca.pp^e Boxes The Me^isupemexts ix 
Four C ^ses of Exostosis ape Comp\ped with the A\er^ge 
IX Twext’s Adult C^ses 


! 


Ritlit H 

Dfl 


1 LfftHanfl 

^ 1 

2 


*9 

> 

1 ' 

r 2 

3 . 

4 

1 

Normal j 

4 5 j 

r,7 

6 7 

■'■1 1 

i *5 7 

4 0 

i 6 3 

07 

6 0 

5 J 

CastR B 

i 0 1 

62 

> 4 


1 “'O 1 

42 

i J 

6 3 

> > 

7 4 

CaseF T) 

3 2 ! 

4 7 

40 

4 5 ' 

44 i 

3C 

1 58 

53 ' 

3 0 

, 3J> 

Ca'p C G 

•5 3 

5 7 

6 0 


- jO 

34 

. 6 3 

6 0 

} J 

3 4 

CaseR W H 

, f. i 

51} 

f, 0 

4 6 

4 5 

4 2 

' 67 

6 3 


3 0 


The changes in the bones can best be studied under tw'O heads 
Those affecting growth, that is, form length and size with relatne 
changes in periosteum, osteum and medullary canal, and those shownng 
prohferatne and inflammatory-like changes 

Growth retardation can best be seen in the metacarpal bones We 
liaAe in the normal fairl} definite lengths and comparative sizes for 
the different metacarpal bones and these run fairly true (Table 1) 
In our cases there is marked ^a^Iance in the length, form and size of 
the different metacarpals in the single hand and most strikingly so 
when the two hands are compared These changes must necessarily 
ha\e begun \er\ early in life to be of so pronounced a type at present 
Thev are not retrogressu e processes on the part of ^ome bones and 
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progressive processes on the part of other bones The carpal bones 
show fairly marked changes but mostly in size and form It is diffi- 
cult to judge whether such changes may not be due partly to pressure 
between the long bones of the forearm and fingers, resulting on the 
one hand in definite excessive growth and on the other in retardation 
of growdh 

Similar changes are seen m the scapulae, the pelvic bones, the 
metatarsals and to some extent in the tarsal bones In the scapulae 
the disproportion between the body of the bone and the acromion 
process is very noticeable, tbe acromion process is exceedingly large, 
the body and the glenoid process small When the head of the humerus 
IS enlarged, as it invariably is, the smallness of the glenoid cup is 
striking Changes in the growth of the bones are also seen in the ulna, 
radius and fibula These changes are of a different type, however, and 
are not so consistently present In the case of the radius and ulna one 
of the most interesting points is the absence very often of the styloid 
process This gives evidence, therefore, of the very early chatiges 
that occur in this disease 

Changes in growdh may frequently involve only part of a bone or 
one bone in a group, such as is seen in the femur wdiere the head, neck 
and trochanters are affected and the shaft and condyles are apparently 
unaffected or m the case of the wwist bones where the os magnum may 
be markedly large in comparison with the other carpal bones, or, again, 
in the case of the phalanges wdiere the proximal or middle phalanx may 
be unusually short as compared wnth the apparently normal length of 
the other two phalangeal bones 

In the majority of bones the normal length has been reached, and 
groivtli has been retarded only in respect to their size The ribs, for 
instance, are abnormally delicate and symmetrical, but their length 
compares favorably wnth the normal The radii in some portions may 
show^ a very small diameter as compared with the other bones of the 
skeleton or wnth the normal, but this is quite a different process In 
the case of the ribs there are no marked growths, no enlargements or 
compensation in growth in one part as compared with another, but, m 
the case of the radii it is conceivable that the lack of growdh in one 
part may be due to the excessive growth m another It is suggested, 
therefore, that wdien the length of the bones is not interfered with, 
there may be one of twm causes, either the epiphyses are unaffected in 
early life or the growth, such as is seen in the heads and neck of the 
femur, occurs later in life when the growdh in length of bone has been 
reached If this is conceded, then there are dissimilar processes going 
on in different bones either at the same time or at different periods of 
grow th 
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A study of the location or site of the growths or processes demon- 
strates t^^o main facts, that they occur both distal and proximal to the 
epiphyseal line and that the two processes may be entirely dissimilar 
The growths or enlargements at the epiphyses may be extended down- 
ward so as to be continuous w ith the process on the diaphysis or the} 
may be separated It is frequently difficult to determine to just wffiat 
point the process extends as the changes from the gross to the minor 
are so gradual and often ver\ \ariable For instance, the growth at 
the epiphyses may be of a large, diffuse prohferatne type affecting 
all portions of the bone and just below^ this may occur changes in coitex 
and periosteum within regular bounds and finally lower down there 
may be a purely periosteal reaction, similar to any inflammatory peri- 
osteal reaction Frequently, the epiph}sis is affected, showing a fairly 
intact epiphyseal line with no change in the ends of the diaphysis, but 
a definite, more or less locahaed periosteal and slight osteal growth is 
seen on the diaphysis proper, probably at its middle This last point 
suggests another process, perhaps not directly and primarily related to 
the epiphyseal processes 

A study of the growths demonstrates, further, the differences 
alluded to above For the sake of a clearer understanding of the 
matter, these are dmded into thfee groups 

a The Epiphyseal Changes — The epiphyseal changes are mainly 
enlargements and distortions of form and vary considerably m the 
different bones In the femur I ha\e seen no grow'ths on the head, 
but the great trochanters show^ frequent large irregularities The 
femur shaft from just below the trochanters to the articular surface 
is so large and irregular in form as to bear little or no resemblance to 
the normal femur The neck is double the diameter of the head, 
instead of presenting the usual constriction betw^een head and tro- 
chanter Ihe cancellous lamellae do not run in well formed continu- 
ous lines, but in criss-cross directions, and in interrupted lines These 
lines may be heaeier and denser than the normal or. if much absorp- 
tion has taken place, then in delicate pencilled lines The condyles of 
the femur are enlarged, rather h} pertrophied , the form becomes more 
or less square, the surfaces flattened The longitudinal diameter is 
increased to twice the normal and the interlamellae spaces are much 
increased in si7e, consequently the bone is more transparent than the 
normal I ha\e seen no growths on the condyles, although growths 
occur just at the epiphyseal line The head of the tibia show's the 
same changes as the condylar end of the femur The fibula head and 
the acromial process of the scapula are distinct exceptions Here 
definite growths occur and these are epipinseal in origin The certe- 
bral border of the scapula also shows growth The metacarpals. meta- 
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tarsals and the phalanges are also exceptions The epiphyseal ends 
here are early affected, changes in form and outline with distinct 
growths developing before puberty 

Table 2 gives the dates at which ossification of the epiphyses and 
their union to the shafts of the bones become recognizable by means 
of roentgenography It is for use in comparison with four cases of 
multiple cartilaginous exostosis 


TABLE 2 — Time of Recognition of Ossification of Epiphyses and Their 
Union with Shaft by Means of Roentgenography 



Normal 

Cases 


I line of 

T ime of 

B, ! 


G, 

1 H, 


Appearance of 

Union with 

22 


16 

31 


1 piplijs s 

Sh ift 

Yrs 


Yrs 

1 Yrs 

01t\ icK 

Humeius 

iSth to 20th year 

22d to 25th J ear 

c 

c 

c 

( 

Held 

3d to 4th month 


c 

dl 

— 

( 

Gmt tut)e^osIt^ 

2d jear 

20th to 26th year 

c 

dl 

— 

c 

Lesser tuberositj 

Lower epiphysis 

3d jear 

1 c 

j 

? 


c 


Capitellum 

End of 2d jc ir 


t. 

C 1 

c 

c 

Trochlea 

10th to ISth year 

( 1 

c 

1 ^ ' 

c 

c 

External epicondj le 

12 th year 

|18th year 

c 

! 7 

c 

c 

Intcrml epicondj le 

5th j’ear 

c 

? 

dl 

c 

Radius 







Head 

5tli to 6th year 

16th to 19th J c ir 

c 

i c 

dl 

c 

Lower epiphjsis 

2 d to 3d jear 

17th year 

c 

dl 

dl 

1C 

Ulna 



1 


1 

Olecranon 

10th to 13th year 

20th to 21st year 

c 

c 

c 

c 

Lower epiphvsis 

5th to 7th j ear 

20th to 24th jear 

c 

dl 

dl 

c 

Stjloid process 

Metacarpals 

j 4th year 

20th to 24th jear 

c 

c 

c 

c 

Thumh (base) 

7th to 8th year 

16th to 20th year 

1 c 

c 

dl 

c 

Other digits (heads) 

4tli to 6th J car 

16th to 20th J ear 

c 

c ' 

dl 

1 

Phalanges 

Pemur 

4th year 

18th to 20th vear 

c ; 

c 

dl 

c 

Upper epiphysis 

Shortly after 



! 




birth 

18th to 22djear 

c 

c 

dl 

1 0 

Great trochanter 

4th to 5th year 

18th to 22djear 

c 

c ’ 

dl 

i C 

Lesser trochanter 

13th to 14th year 

l7th to 22d J e ir ’ 

c 

c 

c 

c 

Loc\er epiphysis 

9tli fetal month 

22d to 24th jear 

C i 

c 

dl 

c 

Patella 

Tibia 

3d year 


c 

c 

c 

c 

Upper cpiphj SIS j 

9th fetal month 

18th to 24th year 

c 

IC 1 

dl 

1C 

Lower cpiphj SIS ! 

l«t to 2d jear 

16th to 18th jear 

c 

1C 

dl 

e 

Tubercle (if separate) 

Fibula 

12th to 13th jear 

18th to 24th ye ir 




1 c 

Upper cpiphj SIS 

4th to 5th jear 

20th to 22djear 

c 


dl 

c 

Lower epiphysis 

2d to 3d jear 

21st to 23d year 

c 

1C 

dl 

e 

Metatarsals 

3d to 8th year 

16th to 19tn J ear 1 

c 

c 1 

dl 

c 

Phalanges 

5th to 8th year 

18th to 20th year 

c 

c 

few 

0 

Lpiphjsis of os c ilcis 

7th to 10th jear 

16th to 18th year 

c 

c 

c 

c 


Explanation c complete, no CMdence of cpiphj5,eal line, ic, incomplete, line still evident, 
dl, definite epiplnseal space vacant 


The most striking epiphyseal changes, perhaps, are those of the 
fibula and acromion In both these bones it is of importance to note 
that the bodies themselves suffer in length and size just as occurs in 
the metacarpal bones In the case of the fibula early fusion with 
the tibia may play a part in retarding growth of the bone 

Changes therefore, occurring in the epiphysis of the bones may be 
metaplastic but under control, metabolic or may appear as unrestricted 
grow ths 
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In studying epiphyseal changes, one of the most striking features is 
the early disappearance of the epiph 3 ’^seal lines or space, but this is by 
no means constant, even in the bones of a single case (Table 2) Two 
of the patients were only 16 }'^ears of age, so it is presumed that ossi- 
fication and union took place a year or more preiiously, judging from 
the density of the bones and the total absence of an epiphyseal hue 
This may be due to the growths either directly or indirectly by pressure, 
or It is even possible that if a longitudinal section were made through 
the epiphysis, traces of an epiphyseal line would still be seen Tin*' 
fact, therefore, has an important bearing on the growth of the bone 
and would apply to the marked changes seen m the fibula and also the 
bones of the forearm In the case of the tarsals, metacarpals and 
phalanges it can have little bearing, as retarding influences must have 
been present long before epiphyseal factors played a part 

b Changes at the Dxap}iy<;eal Ends — The greatest and most com- 
mon changes occur at the ends of the shaft adjacent to the epiphysis 
In the lower ends of the femurs and in both ends of the tibia the 
changes are most striking They may encroach on the epiphysis 
(Fig 26), but they originate on the diaphysis These growths affect 
the bone itself The ends are enormously enlarged, irregular in shape 
and outline, giving rise to curiously shaped outgrowths, some stalactite 
in type, five and more centimeters in length and two and more m 
diameter The terminal portions are often cauhflowerlike, with aieas 
of irregulai transparency, indicating incomplete cartilaginous ossifica- 
tion and other areas denser than the normal bone They grow in all 
directions, mainly, however, longitudinal and parallel to the bone, sug- 
gesting progress in the direction of least resistance It is also possible 
that muscular movement, since small areas of muscle attachment appear 
on the grow'th, may sufficiently irritate to excite further growdh of 
these projections They also apparently have a great tendency to 
deposit calcium There is no base to these growths The cancellous 
lamellae of the bone are often continuous with the grow'th They 
apparently represent changes originally of the bone itself Frequently, 
cortex and an inner canal of a different bone structure can be seen in 
the growdh The part of the diaphysis affected often show^s no cortex, 
no medullary narrow^ canal and the bone structure apparently is much 
disorganized These growths may interfere wuth joint movement, such 
as a giow'th on the tibia exerting such pressure on the fibula as to 
interfere W'lth its development (Fig 26) The excessive bone growth 
of the diaphysis in one part may affect the growth of the bone in 
another part Bownng of the shaft frequently seen, suggests unequal 
grow th, as in the case of forearms or lower legs These points suggest 
the very early changes that occur m the bones themselves 
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c Exostosis and Peiiosteal Growths — In quite a number of bones 
two types of changes appear apart from what has already been 
described One is a definite exostosis arising directly from the peri- 
osteum or osteum, that is, having at its base the normal cortex of the 
bone These occur most commonly on the diaphysis, anywhere between 
the ends of the bone In appearance they are not dififeient from 
mechanical exostosis seen in many individuals The other is rather a 
nodular swelling of the periosteum, organized to a certain extent, but 
to be differentiated from the cortex and also having as its base the 



xt«n(LlnK fro** dUphjrcU to tplphysU 

Fig 26 — The ends of the bones are enormously enlarged, irregular in shape 
and outline, with curiously shaped growths They originate in the diaphysis 
but encroach on the epiphysis 

cortex The surface is not broken, is smooth, with an elevation of a 
centimeter or more, and three or more centimeters in diameter They 
also occur on the diaphysis, frequently near the middle and on other- 
wise unaffected bone They occur frequently, if not always, aftei an 
injury, may disappear gradually, and, on the other hand, may develop 
rapidly The history in two of these cases gives proof of this, and in 
one case this was observed These nodules may become completely 
ossified It IS suggested that this type of exostosis and these nodules 
have a common cause, for they are constantly associated It further- 
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more suggests that the bone itself is sensitue to injury and sets up 

an inflammation, reacting m this manner 

There is no evidence from the roentgenograms to show that these 
growths are anything but benign No evidence is obtained that any 



Tig 27 — Pseuclo-cpiphysis produced by the process of exostosis, with caiili- 
flowerlike cartilaginous surface and with processes for the insertion of mus- 
cles X 1 


S'>Irid process 



Fig 28— Longitudinal section of pscudo-epiphysis showing solid bone 
ihroughout, with an irregular cross line at the neck and spongy substance at 
the cartilaginous surface There is no medullary canal X 1 


degeneratue changes occurred These growths develop slowly in 
some cases and rapidly m others In one case (G) the growth, exos- 
tosis, was remo\ed A drawing of this is shown (Figs 27 and 28), 
and the pathologic report is also included in this paper 
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In many instances symmetrical changes are seen, that is, in distribu- 
tion But since the disease affects the epiphysis, ends of the diaphysis 
and diaphysis, and is a general skeletal systemic disease, some symmetry 
in distribution is to be expected The growths vary, the position of 
the growths vary, their size, structure and development varies, and 
in this respect they are not symmetrical In examining some of the 
growths m detail, one or two interesting points are brought out In 
the case of G a very typical growth shows a cauliflowerhke end 2 5 by 
3 cm in size The growth is about 10 cm in total length and is 
situated 13 cm from the lower end of the femur The end is made up 
of numerous, small, semicircular areas of transparency much like a 
honey comb (Figs 29, 30 and 31) The surface outline is no greater 
in density than the internal structure, indicating cartilaginous nature 
and no peripheral bone salts deposit In the case of B a similar type 
of growth IS seen occurring on the inside of the shaft of the right 
femur Here the growth, however, shows calcification with differentia- 
tion between cortex and canal The peripheral outline is denser than 
the rest of the bone growth and its outline smooth Comparing this 
growth with that of G there is a suggestion that differentiation in the 
growth occurs only when general growth has ceased In the case of G 
we are dealing with an individual who has not reached maturity, as 
judged from the normal line of ossification, in the case of B with an 
individual who has It is further suggested, that the piocesses are 
most active and form a part of general bone growths m youth, in no 
wa}'’ controlled or restricted as occurs in normal bone growth, matuiitv 
alone restricting growth 

In the growth from patient G a fracture through the shaft of the 
growth occurred, 3 cm from its base No symptoms were present 

In the general roentgenographic description of the bones it will be 
noticed that the increased transparency and the penciling is a prevailing 
change The question arises, therefore, whether these growths affect 
the structure and strength of the bones Attention has been drawn to 
the early inhibition of growth, of bowing and general mechanical 
changes On close examination of some of the bones that show 
bowing, it IS found that this does not occur in the region of an 
unaffected shaft but in both the upper and lower ends of the diaphysis 
which, as already described, show bone changes Do the growths or 
the general processes which give rise to them affect the bone^ This I 
believe to be the case, and if the metabolic tables are studied the ques- 
tion will arise whether the increased elimination of salts can possibly 
come from the growths alone or are at the expense of the bones them- 
selves The metabolic disturbances and the growth processes have, 
then, a relation to one another On the one hand, we have restricted 
bone growth, and on the other, excessive, uncontrolled bone growths 
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in \anous forms From this standpoint it is assumed, then that 
metabolism was disturbed or imperfect very earl} m life, perhaps m 
utero If attention is also drawn to the fact that these bone distur- 
bances cease after maturity has been reached, the abo\e assumption 
IS e\en more acceptable (see results of metabolic studies) 

Rickets IS an analogous condition in the long bones, except that no 
grow ths occur and the hereditary factor is absent It is a disease due 
to metabolic disturbances and results in very definite bone changes 
affecting growth 



Fig 29 — Cross section of pseudo-epiphjsis The squared areas are enlarged 
in Figures 30 to 33 X 15 


In multiple cartilaginous exostosis there is no association with any 
other disease so far as is knov n, and the only complications are those 
vhicli arise or occur in the growths themsehes, degeneratne changes, 
malignancy or fractures and these are infrequent Mechanical incon- 
\ eniences due to the grow ths are not complications 

As has been pointed out b} numerous in\ estigators, the male is 
affected most commonly the ratio is more or less three to one 

The last question is one of heredit}' A careful study of the litera- 
ture lea\es no other conclusion but that it is an hereditary disease 
From earliest times to the present da} the literature on the subject 
presents ^er} conMncing eMdence that hereditary factors play a part 









619 


HOVEIJ— MULTIPLE CARTlLAGI\'ObS EXOSTOSI^y 

It IS hardly coinincmg that, because no evKlencc of the disease appears 
in the ancestors of a gnen patient, that heicditar) factors should be 
ruled out, for it presumes that the disease i‘-, theiefore, one of remark- 
able mduidual selection d his paper, however, does not pretend to 
enter the discussion of the hereditary factors d hat is a study by itself 

CALCILVr AND MAGiNLSIbM MDTAIJOLTSM 

Two patients, G and 11 , were studied These patients were placed 
on a known diet low in (aleium and magnesium for a definite period 
Either calcium or magnesium was then added for a second period 
Calcium intake was inci eased by the administration of milk Mag 
nesium was given in the form of citrate By the procedure outlined it 
IS apparent that the system was given a distinct task to perform Ihe 
mannei in which this task was accomplished by the diseased system 
was checked up by comparison with normal subjects maintained under 
similar experimental conditions Of these two eases, one had advanced 
to the stage where the abnormal processes had become stabilised (H ) 
The other case (G ) represented the active, less advanced stage of the 
disease 

KDsuLis or nxpcRiMrNr 

From a consideration of the study of multiple exostosis it may be 
concluded that in the stabilised stage of this disease calcium exchange 
differs little from that of a normal individual whether the abnormal 
subject IS maintained on a calcium poor or a calcium rich diet 

In the progressive stage of the disease calcium metabolism is 
markedly different from the normal in that calcium is lost from the 
body in relatively large amounts when the subject is maintained on a 
calcium poor diet This excessive elimination of calcium is excreted 
by both the urine and feces in a normal ratio Wh’en placed on a cal- 
cium rich diet, calcium is retained in the body to an extent not widely 
different from that in normal subjects A resumption of a calcium 
poor diet again induces excessive calcium elimination 

In the stabilwed stage of multiple exostoses, magnesium excretion 
IS from two to three times as great as the intake, whether the subject 
IS maintained on a diet pooi or rich m magnesium In the progressive 
stage of the di‘^ea‘:e, the general type of magnesium excretion resembles 
that of the ‘^tabibzed stage but the degree of elimination is not so 
marked Magnesium added to the diet in the stabilized stage results 
in the prompt excretion of the magnesium The same test applied to 
the progres'^ive stage gives evidence of the retention of ‘-ome mag 
nesium The degree of retention, however, is much less than (hat 
shown by normal individuals 
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Absorption of both calcium and magnesium in multiple exostosis 
IS not inferior to that of normal subjects 

The facts enumerated suggest that in the early stages of this pro- 
liferative type of bone disease under discussion a check may perhaps 
be given to the progress of the disease by proper dietary procedure 
(A complete report of the calcium and magnesium metabolism will be 
published in the Jownal of Expei miental Medicme) 

PATHOLOGY 

It seems to be the general opinion that the process of increased 
bone formation in these cases is derived from collections of cartilage 
cells during the transitional period from cartilage to bone^ but this is 
of secondary importance There is evidence of vicious cartilage 
growth, with very slow ossification, as is shown by the character, 
enlargement, fusion, malformation and bowing of the ends of the 
long bones If, however, the growths are developed only from the 
cartilaginous forming bone, it is difficult to account for the origin of 
the growths on the other bones, such as on the skull and face It is 
true, that these growths are more rare, but that does not change the 
theory as to the origin Growths on the shaft of the bone are not 
different from those occurring near the ends and their origin may be 
the same Some of these growths appear to have their origin from 
the periosteum, for as far as can be determined, the cortex of the 
shaft IS intact , these must have occurred a considerable time after the 
formation of the bone Other growths which cannot be differentiated 
from the bone itself must have had their origin during or before the 
formation of the bone 

The growths are variously described, owing to the fact that the 
examinations were made at different ages and developmental periods 
A growth may be developed so completely that it cannot be differen- 
tiated from the normal bone having periosteum, cortex and medullary 
canal In the stages where ossification has not yet taken place, these 
growths, some with large collections of nonregulated cartilage cells 
embedded in a spongy, more or less fibrous matrix, may have a 
membrane or periosteum surrounding them Later the central spongy 
tissue may become more compact and bone cells may be found in or 
near the periphery Frequently the penpheiT- of the growth is solid, 
compact cartilage and areas of calcium and internally cellular tissue 
are sometimes seen Calcification in irregular areas occurs while the 
cartilaginous growth is still active Differentiation apparently only 
occurs when active cartilaginous growth has ceased 

An examination of the growth removed from the femur m case G 
demonstrated the following 
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There is a thick layer of dense connective tissue which' represents 
the periosteum (Figs 32 and 33) It contains numerous dilated and 
congested blood vessels On its internal surface groups of large, 
elongated cells can be seen They have laige vesicular nuclei and 
show a regular placed arrangement in one row, resembling epithelial 
cells These osteoblasts cover the surface of the thick layer of com- 
pact bone and cartilaginous tissue, which forms the periphery of the 
nodule From the peiiphery similar trabeculae of bony tissue can be 
followed also into the interior Near the surface smaller or larger 
cavities with walls of compact bone can be seen, deep in the interior, 



Precartilage 


Periosteum 


Fig 32— Periosteum and bone including precartilage X 150 


howeier, only bony spiculae are found suriounded sometimes with 
dilated and engorged blood vessels The interior mainly is made up 
of loose connective tissue (mostly fat) which is richly supplied by a 
network of blood vessels 

These are dilated and foim rich anastomosis Hemorrhages which 
may be the lesult of traumatism are quite numerous, and free blood 
may fill sinuses in the loose connective tissue Sometimes only narrow 
strands of connective tissue, covered with a row of osteoblasts, separate 
the blood vessels from the spiculae The bone tissue m the periphery 
as well as in the interior (trabeculae, spiculae) is compact in structure 
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and shows no regular arrangement in Haversian system The Howship 
cavities of absorption are also missing The surfaces are smooth, and 
there is no medullary canal with' bone marrow Here and there, how- 
ever, a few lymphocytes are seen Scattered on the surface there are 
numerous imperfectly developed cartilaginous nodules, which form 
imperceptible transitions to the bony tissue These nodules vary in 
size and often only a small cartilaginous area can be seen included in 
the bony tissue The cartilage cells are irregular in shape and size 
They are in large part closely packed, giving the typical picture of pre- 
cartilaginous tissue This is surrounded with perichondrium, which is 



Osteoblasts 


Bone 


Fig 33 — Bone with the osteoplastic connective tissue X ISO 


sometimes continuous with the periosteum (A complete pathologic 
study IS being made and will be reported in the near future by Dr 
N M Alter) 

In a great deal of the literature apparently no difference has been 
made between the multiple cartilaginous exostosis and mechanical or 
traumatic exostosis In the older reports of cases this has made it 
exceedingly difficult to tabulate and analyze the results A good deal 
of the conflict of opinion regarding exostosis is because of this failure 
to differentiate tlie two conditions The frequency of the occuurrence 
of malignancy in these growths cannot be determined for this v€!ry 
reason 
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ANAMSIS or RIZrORTLD CASrS 

In a detailed analysis and tlassificalion of sixty-six reported cases, 
information was obtained which supports certain suggestions and opin- 
ions of the present pajiei 

Age Inadcncc —Oi sixty-six cases, fourteen occurred hetw^een 1 
and 10 years of age, se\en hetw’een 10 and 15 years, ele\en hetw^een 
1 5 and 20 years , nine hetw'een 20 and 25 years , ten between 25 and 
30 yeais, and fourteen over 30 years of age 

— Of sixty-three cases, there w'ere forty-seven males and six- 
teen females 

TlcjcdUaiy Jlnloiy — In thiity-three cases, a positue history of 
heredity w'as obtained m thirteen, the disease having occuired in some 
member or members of the patients’ families In one case, eight mem- 
bers W'ere affected, and in several other cases many members W'ere 
similail}' affected 

Bcgmmng of Giotolh — In one case the growths w'ere noticed at 
biiih, in tw'ehe eases they w'eie noticed betw'een birth and 5 years of 
age Betw'een the age of 5 and 10 years, there were seven cases, 
betw'een 10 and 15 years, four cases, betw'een 15 and 20 years, tw'o 
cases, and in one case growths w'ere noticed after 20 years of age 
'I he lemammg cases gave no definite information 

Ccs^aUon of G)otvfh — Only twelve patients gave information in 
this respect In six cases growth ceased aftei operation, and in one 
It progressed, in one case it ceased at puberty, in one case after 11 
months of age, and in three cases at 17, 22 and 25 years, lespectively 

0)dc} of f}equcucy — The femur w'as afiected m 43 cases, tibia in 
35 cases, humeius m 29 cases, fibula m 27 eases, radius in 25 cases, 
ulna in 24 eases, phalanges in 20 eases, iibs in 19 eases, scapula in 
17 cases, pelvic bones m 13 cases, claricle and metacarpals in 12 cases 
each, metataisal bones m 6 cases, skull bones in 6 cases, knee in 4 
cases, the spine and tarsal bones m 2 cases each and the sternum in 
one case 

Pouiion of Gioioth — Femur Diaph^sis w'as affected most fre- 
quentl>, condoles next, and then the epiphysis and trochanters Tibia 
The upper extremit) sliowed more frequent changes, then the low'er 
end of the shaft, epiphysis and near epiphysis Fibula This bone 
showed changes m apjnoximately the same order of frequency as the 
tibia l-lumcrus In the majority of eases the shaft w'as affected, and 
in only one case w as the epiphysis attacked Growths near the epiphysis 
were the second most common occurrence Radius and ulna The 
carpal extremit} in both these bones show'ed changes most often, and 
the diaph}sis and epiphysis with equal frequency Phalanges There 
was no jircdominating change in an} of the phalanges either m posi- 
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tion or in any particular phalanx The hhnds were more affected than 
the feet Ribs The middle of the ribs were affected mostly, particu- 
larly the third, fifth, sixth, eighth and tenth ribs Scapula The vei- 
tebral border and the spine were more frequently mentioned than other 
parts of the bone Pelvis The ilium and especially the crest were 
the parts most frequently affected Clavicle The acromial end and 
the near acromial end were more often affected than the sternal end 
or the middle Metacarpals Both epiphysis and diaphysis were 
attacked, otherwise no significant change predominated m any one part 
Metatarsals Both epiphysis and diaphysis Skull bones The face 
bones were affected in thiee cases and the frontal, temporal and occip- 
ital areas m one case each 

RESUME 

Multiple cartilaginous exostosis is a disease with the following 
distinctions 

1 It presents hei editary factors 

2 It IS a disease with definite, well defined metabolic disturbances 

3 There is no evidence that infection plays a part 

4 It begins in early life, and probably before birth 

5 It occurs more in males than females 

6 It gives rise to obvious bone changes, inhibitory and stimulatory 
and at an age not yet determined 

7 The long bones and flat bones are affected 

8 Both epiphysis and diaphysis are involved 

9 Malformation and deformities occur at an age not yet deter- 
mined, due to arrest in growth of the skeleton and to bone giowths 
arising at such points as to interfere with the normal growth and 
direction of the bones 

BIBLIOGRAPHY 

Ashhurst, A P C Multiple Cartilaginous Exostoses (Hereditary Deform- 
ing Chondrodysplasia), Ann Surg 68 167, 1916 

Barlow, John Patient with Sarcoma of the Lower End of Femur and 
Multiple Exostoses, Glasgow M J , 1895 

Bee and Hadengue Echondromes Multiples de la Main, J de Radiol et 
d’Electrol 3 63, 1918 

Bernard, Leon Exostoses Osteogeniques, Maladies des Os, p 564 

Bessel-Hagen, F Ueber Knochen und Gelenkanomalien insbesonders bei 
partiellen Riesenwuchs und bei multiplen cartilaginaren Exostosen, Arch f 
klin Chir 41 420, 505, 749, 1891 

Bloodgood, J C Benign Bone Cysts, Ostitis Fibrosa, Giant Cell Sarcoma 
and Bone Aneurj’^sm of the Long Pipe Bones, Tr Am Surg A 28 116, 1910 

Boggs, T R Multiple Congenital Osteochondromas with Degeneration of 
Cranial Nerves and Muscular Dystrophy, Report of a Case, Tr A Am Phys 
28 248, 1913 

Borchardt Demonstration eines Osteochondrosarcoms der Epiphyse des 
Humerus, Berl klin Wchnschr 40 575, 1903 



HOKClJ-MULTIPLE CARTILAGINOUS EXOSTOSIS 


625 


Bo 3 er Traite des Maladies Chirurgicales 3 598 
Braune These (de) Halle, 1882 

Byers, W G Case of Exostosis Bursata, Montreal M J 24 967, 1895 
Carman, R D, and Fisher, A O Multiple Congenital Osteochondromata, 
Ann Surg 61 142, 1915 

Cheever, D W Exostosis of Facial Bones, Boston M & S J 115 1886 

Clarke, W B A Case of Multiple Exostosis, Tr Ivied Soc London 15 
453, -1891 

Cowie, David M Hereditary Multiple Exostoses, Am J Obst 76 535, 1917 
Cox, Robert Notes on a Case of Multiple Exostoses with Hereditary His- 
tory, Lancet, London, 2 701, 1915 

Crawford, D G Case of Multiple Exostoses, Indian M Gaz 44 340, 1909 
Curtillet, J Quatre Cas d’Exostoses Osteogeniques Multiples, Hereditaires 
et Familiales due Role Probable des Toxi-infections dans la Production des 
Exostoses Osteogeniques, Rev d’orthop 3 193, 1912 

Davis, G G Multiple Cancellous Exostoses, Am J Orthop Surg 3 
234, 1905 

Delfino, E A Contribution a I’Etude des Exostoses Multiples, Arch 
d’Elcctricite med et de Phj'siotherap 25 423, 1917 

Drescher, Adolph Zur Casuistik der Hereditaren Multiplen Exostosen, 
These, Giessen , 1^9 

Edberg, E Sur les Rapports Existant Entre le Developpement des 
Exostoses des Cartilages de Conjugaison et Certain Alterations de la Glande 
Thj'roide, Lj'on Med 125 24, 1916, Nord med Ark 29 1915 

Ehrenfned, Albert Multiple Cartilaginous Exostoses, Hereditary Deform- 
ing Chondrodysplasia, J A M A 64 1642 (May 20) 1915 Hereditary Deform- 
ing Chondrodysplasia, Multiple Cartilaginous Exostoses, JAMA 68 502 
(Feb 10) 1917 Hereditary Deforming Chondrodysplasia More Cases, Am J 
Orthop Surg 15 463, 1917 

Gibnej', V P Hereditary Multiple Exostosis, Four Cases with Remarks, 
Am J M Sc 72 73, 1876 

Gill, A Bruce Multiple Enchondromata of Hand, Ann Surg 66 623, 1917 
Hamann, C A Multiple Cartilaginous Exostoses (Hereditary Deforming 
Chondrodj'splasia), Ann Surg 63 167, 1916 

Heath, P Maynard Multiple Exostoses, Proc Roy Soc Med 4 103, 1910 
Heymann, R Ein Beitrag zur Hereditat Seltenerer Geschwulstformen 
Ivlultiple Cartilaginare Exostosen, Arch f Pathol Anat u Phj'siol 104 145, 
1886 

Huber, K Em Seltenerer Fall ^on Multiplen Cartilaginaren Exostosen, 
Arch f Pathol Anat u Phjsiol 88 256, 1882 

Jouffraj Exostoses Osteogeniques Multiples, Lyon Med 106 263, 1906 
Krieble, Vernon K, and Bergeim, Olaf Study of the Metabolism in Mul- 
tiple Exostoses, J Biol Chem 37 179, 1919 

Lanen, A Ueber die Beziehungen der Enchondrome zu den Multiplen 
Cartilaginaien Exostosen, Deutsch Ztschr f Chir 75 14, 1904 

Lenormand C and Lecene, P Sur I’Association des Exostoses Osteo- 
geniques et du Chondrome des Os, Rev d’orthop 7 203, 1906 

Lett, Hugh Ivlultiple Cancellous Osteomata, Proc Roy Soc Aled 2 191 


Maclean, E T Ivlultiple Cancellous Exostoses, Brit M Chir J 8 217 1890 
^ ^lultiple Exostoses, Arch Radiol & Electrother 21 

2c)0, 191/ 

Margerj Note sur une Difference Considerable de Longueur des Deux 
Membres Infeneurs observee chez un jeune homme de 21 ans etc Enchnn 
dromes Multiples des Extremities, Gaz Hebdom de med et Chir 29 '246, 1892 



626 


ARCHIVES OF INTERNAL MEDICINE 


Marshall, H W A Case of Multiple Cartilaginous Exostoses, Am J 
Orthop Surg 14 346, 1916 

Mery, M Description d’une Exostose Monstreuse, Hist Acad Roy d Sc , 
1706, Par 1707, Mem 245-248 

Meyer, A W Unusual Exostoses on Two Humen and a Femur, etc , 
J Anat & Physiol 48 138, 1913 

Montgomery, C M Multiple Cartilaginous Exostoses (Hered^itary 
Deforming Chondrodysplasia ) A Report of Five Cases m Three Generations, 
Internat Clin , Phila 26 140, 1916 

Moschcowitz, A V Multiple Cartilaginous Exostoses Ann Surg 68 749, 

1916 

Mosenthin, H Seltenere Komplikayionen der Multiplen Kartilaginaren 
Exostosen, Deutsch Ztschr f Qiir 128 241, 1914 

Nasse, D Ueber Multiple Cartilagmare Exostosen und Multiplen Enchon- 
droma, Samml klin Vortrage, No 124, 1895 (Chir No 34, p 209) 

Nehrkom, A Multiple Enchondrome der Knochen in Verbindung mit 
Multiplen Subcutanen Teleangiektasien, Beitr z khn Chir 22 800, 1898 

Niederle (Cited by A Lenormand and P Lecene, Rev d’orthop 7 203, 
1906) 

O’Ferrall, J T Multiple Cartilaginous Exostoses, Report of Cases, New 
Orleans M & S J 69 80S, 1917 

O’Neil, J S A Case of Exostosis, Indian Med Gaz 48 284, 1913 
Opie, E L, and Allison, N Hypertrophic Chondrodysplasia m Infancy 
and Adolescence, Progressive Anomaly of Osteogenesis, J Med Res 36 277, 

1917 

Pels-Leusden, F Klinische und Rdiologische Studien uber Exostosis Car- 
tilaginea Multiplex, Ztschr f Chir 86 434, 1907 

Parry, L A Multiple Exostoses, Brit M J 2 131, 1905 
Percy, Nelson M Multiple Chondro-Osteoma, Surg, Gynec and Obst 20 
619, 1915 

Perrin, M Exostoses Osteogeniques Multiples Accompagnees d’Arrets de 
Developpement et de Deformations du Squelette, Rev d’orthop 5 53, 1914 
Rendu and Fouilloux Volumineux Chondromes des deux Mains, Exostoses, 
Troubles de Developpement du Squelette des Membres Chez une Fille de 10 Ans 
et Demi, Lyon Med 122 409, 1914 

Rendu, A , and Levy, P Exostoses Osteogeniques Multiples Accompagnees 
d’Arrets de Developpement et de Deformations du Squelette, Lyon Chir 12 
164, 1914 

Richter These Jena, 1894 (Cited by A Lenormand and P Lecene, Rev 
d’orthop 7 203, 1906) 

Rutherford A Boy with Multiple Exostoses, Glasgow M J 43 451, 1895 
Specimen of Exostosis of Ungual Phalanx of the Great Toe, Ibid 

Sonnenschein These (de) Berlin, 1873 (Cited by A Lenormand and P 
Lecene, etc ) 

Sourdat, P Complications Rares des Exostoses Osteogeniques, Arch Prov 
de Chir 21 168, 1912 

Spriggs, E G Case of Multiple Exostosis, Proc Royal Soc Med 2 
202, 1909 

Strachan, Henry Bony Overgrowths or Exostoses in the West Indian 
Negro, Brit M J 1 189, 1894 

Trendelenburg, F Dupuytren Exostosis of the Big Toe, Internat Clin , 
Phila , 12 215, 1898 

Turner, P Case of Multiple Exostoses, Proc Roy Soc Med , Lond 7 
107, 1913 



HONEIJ— MULTIPLE CARTILAGINOUS EXOSTOSIS 


627 


Virchow Demonstration einiger Praparatc 7ur Pathogenesis der Enchon- 
drome, Berl klin Wchnschr 1 94, 1864 Enchondroma Malignum niit Mitl- 
tiplen Knorpligen Exostosen, Cliante Ann 5 736, 1878 (Cited by A Lenor- 
inand and P Leccne, Rev d’orthop 7 203, 1906 ) 

Von Bergman Freie Vereinig d Chiriirg Berlins, March 13, 1905 (Cited 
by A Lcnormand and P Leccne, Rev d’orthop 7 203, 1906 ) 

Von Haberer, Hans Em Fall Von Multiplen Enchondromen iind Exos- 
tosen, Arch f klin Chir 89 782, 1909 

Von Kryger Multiplen Knochen und Knorpclgeschwiilste, Arch f klm 
Chir 57 859, 1898 

Von Recklinghausen, F Ein Fall von Multiplen Exostosen, Arch f Pathol 
Anat u Physiol 35 203, 1866 

Weber, Otto Zur Geschichte des Enchondroms Namcntlich in Bczug auf 
dessen Hereditares Vorkommen und Sccundare verhreitung in Inneren Organon 
durch Embolie, Virchow’s Arch f Pathol Anat u Physiol 35 501, 1866 



TOXIC JAUNDICE IN PATIENTS UNDER ANTI- 
SYPHILITIC TREATMENT 


A STUDV OF THE CHEMICAL ANALYSES OF THE BLOOD AND URINE, AND 
OBSERVATIONS ON THE EFFECT OF EXERCISE AND DIET 
IN THE TREATMENT OF SYPHILIS 

CAMERON V BAILEY, MD, and ANGUS MacKAY, MB 

WOODSTOCK, ONTARIO, CANADA 

The treatment of syphilis by injections of arsenobenzol derivatives 
IS, at times, accompanied by more or less grave signs of intoxication 
Of these, three distinct types seem to arise In the first type, symp- 
toms of general malaise shortly follow the administration of the drug 
and, as a rule, pass off within twenty-four hours In the second and 
third types, toxic symptoms may be delayed and not appear until 
several months after the cessation of treatment The most pronounced 
symptoms are associated with the skin or liver ^ The skin lesion usually 
develops in the course of the treatment as a maculopapular eruption 
with considerable thickening This rapidly becomes generalized Des- 
quamation IS profuse, leaving a thickened, cyanosed and frequently pig- 
mented surface Pustulation is common The patient becomes debili- 
tated and has a slight fever The liver and spleen are frequently 
enlarged The urine shows a trace of protein and bile pigment 
Patients whose liver symptoms predominate may pass several weeks 
in apparently good health following their course of treatment, and 
then come under observation with general malaise and jaundice The 
latter, at first slight, becomes more pronounced The liver, and fre- 
quently the spleen, becomes enlarged and tender The blood pressure, 
pulse and temperature are usually low Symptoms as in acute yellow 
atrophy of the liver may supervene," or the patient may slowly 
convalesce 

A jaundice of the above type, occurring during the secondary 
stage of sj'phihs, has frequently been described Rolleston,® reviewing 
the literature on this subject, points out that this condition has fre- 
quently arisen in untreated cases and is not necessarily due to medica- 
tion Such cases improve under antisyphihtic treatment The cases 

"^From the Laboratorj^ of Pathology, Ontario Military (No 16 Canadian 
General) Hospital, Orpington, Kent 

1 Harrison, L W Quart J Med 10 291 (July) 1917 

2 Willcox, W H Lancet 1 869 (May 24) 1919 

3 Rolleston, Sir Humphry Diseases of the Liver, Gallbladder and Bile Ducts, 
London, 1912 
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recogmred as arsphenamm poisoning, on the other hand, are greatly 
aggravated by treatment Untreated cases, in which jaundice and its 
associated signs occur coincidently with the syphilitic skin lesions, 
bear a marked resemblance to many of the arsphenamm cases in which 
a mild jaundice is associated with severe dermatitis It is possible 
that the arsenic in these cases simply accentuates a reaction which, 
to a mild degree, is ordinarily present in syphilis 

PREVENTIVE MEASURES 

Unfortunately, the susceptible patients cannot be recognized, and, 
in spite of all precautions, the first intimation of trouble is the onset 
of the severe toxic symptoms Of precautionary measures in adminis- 
tering treatment, the examination of the urine for signs of nephritis 
is recommended ^ Few of the cases, however, show such signs, and, 
on the whole, the kidneys are impaired but slightly, if at all Testing 
the urine for bile pigment is equally of little use as the warning does 
not come in time Of greater value m determining the state of jaun- 
dice IS the test for bile pigment in the blood serum or plasma, and for 
this Gmehn's test is quite satisfactory ® It is generally conceded that 
the development of any untoward symptom m the course of treatment 
should be considered carefully before further injections are given 
The size and frequency of the dose have both been reduced greatly; 
Willcox and Webster ® recommend 0 3 gm of arsphenamm or similar 
preparations (which is half the original dose) and the interval between 
doses to be two or three weeks In using full doses (0 6 gm ), they 
recommend an interval of four weeks between injections These inter- 
vals jDermit a comjilete elimination of the arsenic before a succeeding 
dose is given Harrison,^ referring to the cumulative effect of these 
remedies, states that “patients who have shown the most toxic effects 
have, in the majoiity of instances, done so after a number of doses 
have been administered ” In a number of his cases, in which the inter- 
vals between treatments was sufficiently long to permit the excretion 
of all the arsenic, toxic symptoms developed after several treatments 
He suggests that each succeeding dose contributes its quota to the 
damage, and finally definite toxic symptoms are precipitated by a 
final dose 


4 See Reference 23 

5 Considering that bilirubm is frequenth found m the plasma of apparently 
bealtln mduiduals, its determination b> chemical methods is of little diagnostic 
laliie Its repeated qiiantitatue estimation in a particular case is an aid in 
Mo\\ing the course of the illness The quantitative method described by 
B ankenhorn is of ^alue in this respect Blankenhorn, M A Tr A Am 

6 Willcox, W H, and Webster, J Bnt, W J 1 473 (April 1) 1916 
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Conditions similar to acute yellow atrophy of the liver have fre- 
quently been observed following combined mercurial and arsenical 
treatment/ and it is of interest to recall that such symptoms have 
followed mercury alone ® In selecting the dose of arsenic in these 
cases, the added toxic factor of the mercury must be considered As 
a preventive of immediate toxic symptoms, Westrope ® reports favor- 
able results from the use of a milk diet for twenty-four hours before 
the injection of the drug 

EXAMINATION OF CASES 

An opportunity was afforded of making a chemical examination of 
the blood and urine m twenty-five cases of toxic jaundice following 
antisyphilitic treatment, and in fifteen cases convalescent or recovered 
from other illnesses At the time of the examinations, the patients had 
shown toxic symptoms for periods ranging from 16 to 136 days, the 
majority were still slightly debilitated, others had apparently recovered 
Six had bile pigment in the urine None of the patients had pro- 
teinuria or other sign of nephritis, although in some cases the clinical 
history indicated that such symptoms had been present in the course of 
the illness The antisyphilitic treatment m these cases consisted of an 
intravenous injection of novarsenobenzol (Billon) and a synchronous 
intramuscular injection of mercury, the doses being repeated at inter- 
vals of seven days 

CASE HISTORIES 

Case 1 — Male, aged 55 , weight 116 pounds , no history of previous illness 
or infection 

October, 1918 Weakness, precordial pain and palpitation 

June 27, 1919 General weakness, liver 5 inches below costal margin, 
spleen, enlarged, blood pressure, 122/72, temperature, normal, hemoglobin, 
53 per cent , red cells, 3,736,000, Wassermann, 

Diagnosis — Syphilitic hepatitis 

Case 2 — Male, aged 23, weight 158 pounds March 7, 1919 Exposure, 
sore discovered on penis the following day Received novarsenobillon, 1 05 gm 
and mercury, 0 128 gm , in two treatments with an interval of seven days 
Following the second treatment he developed “swelling of the face” and 
nausea He later became jaundiced 

April 4 Urine contained a trace of protein and bile pigment 

May 11 Well-marked icterus, liver at costal margin, spleen, not palpable, 
blood pressure, 130/80 

June 13 No arsenic found in urine seventy-four days after last treatment 

June 20 Urine constantly contained bile pigment, at times a trace of 
protein and on one examination tyrosin He has never given a positive Wasser- 
mann reaction 

June 27 Chemical blood analysis Clinical findings negative 

7 Severin Ztschr klin Med 76 138, 1912, Bedig Munch med Wchnschr 
62 1140, 1915 

8 Tileston, W Boston M &. S J 158 510, 1908 

9 Westrope Bnt M J 2 456, 1916 
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Casl 3— aged 24, \\ eight, 155 pounds Jan 25, 1919 Chancre^ 
March 6 Combined treatment instituted, received novarsenobiHon, 4 05 gm , 
and mercury, 045 gm , m seven treatments with seven day intervals Follow- 
ing the fifth treatment, nausea and jaundice developed 

May 11 Slight icterus, liver 1 inch below costal margin, urine showed a 
trace of protein, no bile pigment, leucin, tyrosin of bile salts 

June 17 No arsenic found in urine fifty-two days after last treatment 
June 27 Chemical blood analysis Clinical findings, aside from slight 
debility, were negative 

Case 4— Male, aged 34, weight, 146 pounds Dec 26, 1918 Chancre 
March 30, 1919 Had received novarsenobiHon, 4 05 gm , and mercurj', 
0 45 gm , in seven treatments with seven day intervals He became ill and 
jaundiced after the last injections 

May 11 Marked jaundice, liver, 15 inch below costal margin, spleen, 
slightly enlarged, blood pressure, 128/86 Bile pigment in urine, no protein, 
leucin or tyrosin 

June 13 No arsenic found m urine seventy-one days after last injection 
June 27 Chemical blood analysis Clinical findings, aside from slight 

debility, were negative 

Case 5 — Male, aged 24, weight, 134 pounds Jan 1, 1919 Chancre 
March 8, 1919 Had received novarsenobiHon, 4 65 gm , and mercury, 
0518 gm , in eight treatments with intervals of seven days 
May 14 Jaundice developed 

May 20 Slightly jaundiced, pupils unequal, liver tender and inch 
below costal margin, spleen not palpable, blood pressure, 128/80 Urine 
contains a trace of bile pigment, no protein 

June 13 No arsenic found in urine ninety-three days after last injection 
June 27 Chemical blood analysis Clinical findings, aside from slight 

debility, were negative 

Case 6 — Male, aged 24, weight, 150 pounds July, 1917 Received novar- 
senobillon, 4 05 gm , and mercury, 0 45 gm, in seven treatments with intervals 
of sev'en days Following this he was somewhat debilitated These treat- 
ments were repeated in October, 1918, and again m January, 1919 In May, 
1919, he had an abscess of the left buttock associated with severe generalized 
furunculosis and great weakness Liver was tender and V/s inch below costal 
margin Spleen, palpable Wassermann, negative Urine, contained a trace 
of bile pigment, no protein Blood pressure, 110/67 

June 17 No arsenic found m urine 117 days after last injection 
July 1 Chemical blood analysis Abscesses healed Debilitated 
Case 7 — Male, aged 20 , weight 155 pounds March 20 1919 Chancre 
May 8, 1919 Had received novarsenobiHon, 405 gm , and mercur}', 0 388 gm , 
in SIX treatments with intervals of seven days Following the fourth injection 
he became febrile, and following the sixth injection he developed anorexia, 
jaundice and constipation, later, diarrhea 

May 24 Diarrhea, sclera jaundiced, skin clear, liver, palpable and tender, 
blood pressure, 100/65 Wassermann, negative 

June 13 Repeated urinalysis showed nothing abnormal No arsenic found 
in urine thirtv'-six days after last injection 

Julv 1 Greatlj' improved Chemical blood analysis 
Case 8 — Male, aged 42, weight, 163 pounds Dec 5, 1918 Chancre 
Feb 4. 1919 Had received novarsenobiHon, 405 gm , and mercury, 045 gm , 
m seven treatments with intervals of seven davs Eleven dajs after the last 
injection, he developed pains in the chest and abdomen, weakness and con- 
stipation Liver, Y/s inch below costal margin, spleen, palpable, Wassermann 
negative, urinalvsis, normal ’ 

Ma> 7 Apparenth recovered Given seven dajs’ leave 
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May 14 Returned markedly jaundiced, complaining of anorexia, weakness 
and a “distended feeling” in the li\er region Liver, lYs inch bSlow costal 
margin , tender Urine contained a large amount of bile pigment , no protein 
Wassermann, negative 

June 13 Urine free from bile pigment, protein, leucin, tyrosin and bile salts 
No arsenic found in the urine 129 days after last injection 

July 1 Chemical blood analysis Skin still discolored and he suffered 
from slight debility 

Casf 9 — Male, aged 33, weight, 147 pounds January, 1919 Chancre 
April 8, 1919 Had received novarsenobillon, 1 65 gm , and mercury, 0 194 gm , 
in three treatments with intervals of seven days He became jaundiced after 
the last injection Wassermann, negative 

May 22 Thin, distinctly jaundiced, liver, 1 inch below costal margin 
Blood pressure, 108/70 Urine contained bile pigment, no protein 

June 13 No arsenic found in the urine sixty-seven days after the last 
injection Aug 1 Chemical blood analysis Slightly debilitated 

Case 10 — Male, aged 31, weight, 137 pounds Jan 23, 1919 Chancre 
April 10, 1919 Had received novarsenobillon, 5 1 gm , and mercury, 0 58 gm , 
in nine treatments with intervals of seven days April 23 Slight jaundice, 
gingivitis, ulceration of left cheek, weakness Liver, tender, 2 inches below 
costal margin Spleen, enlarged Urinalysis, negative No arsenic found in 
urine fifty-six dajs after last injection 

August 1 Chemical blood analysis Jaundice had disappeared, liver and 
spleen were greatly reduced in size, and he had no complaints 

Cask 11 — Male, aged 34, weight, 136 pounds November, 1918 Chancre 
December-January, 1919 Received novarsenobillon, 4 05 gm , and mercury, 
0 5 gm , in seven treatments with intervals of seven days 
April 15, 1919 Anorexia, nausea and jaundice 

May 1 Slight debility, moderately jaundiced, blood pressure, 112/78 
No arsenic found in the urine 157 days after the last injection 

July 7 Chemical blood analysis Liver had not decreased in size, other- 
wise his clinical findings were negative 

Case 12 — Male, aged 32, weight, 146 pounds Ulcer on penis m 1911, for 
which he took pills for a period of eight weeks Gassed in September, 1918 
February, 1919 Urethritis , four weeks’ treatment 

March 7, 1919 Received one injection of novarsenobillon, 045 gm , furun- 
cles appeared on legs and treatment was stopped 

April 26 Severe generalized dermatitis Liver 2Ys inches below costal 
margin Spleen enlarged Urine contained bile pigment Wassermann, nega- 
tive No arsenic found in urine 125 days after last injection 

August 7 Chemical blood analysis The liver and spleen had not decreased 
m size, the former, however, had lost its tenderness The skin lesions had 
cleared up and he had no complaints 

Case 13 — Male, aged 29, weight, 144 pounds December, 1915 Chancre 
February, 1916 Received three injections of arsphenamm 
June, 1916 Developed a second sore on penis Received arsphenamm, 
5 95 gm , and mercury, 0 64 gm , in ten treatments ending in September, 1917 
Late m September, he developed nausea, vomiting, and general debility, neces- 
sitating SIX weeks hospital treatment 

January, 1919 Wassermann strongly positive He received novarsenobillon, 
2 25 gm , and mercury, 0 26 gm , in four treatments with intervals of seven days 
May 2 Headache, coated tongue, constipation and jaundice Liver inch 
below costal margin Spleen, not palpable Blood pressure, 115/80 Urine 
contained a trace of protein and bile pigment 

June 13 Urine free from protein, bile pigment, leucin, tyrosin and bile 
salts No arsenic was found in the urine ninety days after the last injection 
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Jub 7 Clicmical blood analysis General condition had nnpro^ed Urine 
free from protein and bile pigment for two months Lncr and spleen still 
enlarged 

C\cr 14— Male, aged 23, weight, 138 pounds October, 1918 Chancre 
Received no\arsenobilIon, 465 gm , and mercury, 0 5 gni , in eight treatments 
with inter\als of seven days, terminating Dec 28, 1918 

April 28, 1919 Anorexia, followed in one w-eek by pain in the Iner region 

and jaundice 

May 10 Anorexia, constipation and jaundice Lner, tender, ly- inch 
below costal margin Spleen, slightly enlarged Blood pressure, 115/62 Urine 
contained bile pigment 

June 7 Jaundice disappeared No arsenic found in the urine 180 days after 
last injection 

July 7 Chemical blood analysis General condition had greatly improved, 
liver and spleen slightly decreased in size 

Casl 15— Male, aged 22, w'eight, 135 pounds February, 1916 Nephritis, 
ill eight months , recurrences in July, 1917, and May% 1918 February, 1919 
Chancre 

March 4, 1919 Combined treatment instituted Received novarsenobillon, 
2 95 gm, and mercury, 0324 gm , in five treatments with intervals of seven 
days Nephritic symptoms developed 

May 14 Liver and spleen not palpable Blood pressure, 125/80 No com- 
plaints Urine contains a trace of bile pigment, protein and an occasional 
hyalin and granular cast 

August 7 Chemical blood analysis Free from symptoms Wassermann, 
negative 

Casl 16 — Male, aged 20, weight, 137 pounds December, 1918 Chancre 

Feb 14, 1919 Had received novarsenobillon, 4 05 gm , and mercury, 0 45 gm , 
in seven treatments wnth mterv'als of seven days 

May 10 Severe abdominal pains, followed by slight jaundice 

May 15 Slightly jaundiced, liver, palpable, not tender, spleen, not palpable 
Blood pressure, 128/80 Urine contains a trace of protein and bile pigment, 
no bile salts or casts Wassermann, negative No arsenic found m urine 
eighty-eight days after last injection 

August 7 Chemical blood analysis Jaundice had disappeared, liver was at 
costal margin, and he had no complaints 

Case 17 — Male, aged 24 Jan 1, 1919 Chancre 

April 4 Had received novarsenobillon, 4 05 gm , and mercury, 0 45 gm , 
in seven treatments with intervals of seven days Following the third treat- 
ment, general malaise Following the sixth treatment, severe dermatitis, which 
became greatly aggravated following the seventh and last treatment 

April 10 Marked gingivitis, stomatitis and purulent conjunctivitis Skin 
brawny red with copper colored papules Marked exfoliation Blood pressure, 
115/80 Liver not palpable Urine contains bile pigment, protein, cholesterol, 
a few red blood cells and granular casts 

April 25 Liver 2 inches below costal margin Spleen, enlarged Dermatitis 
iinprov ing 

June 6 Urine contains bile salts, no bile pigment August 13 Chemical 
blood analysis General condition had greatly improved The skin remained 
thickened and there was a slight desquamation Liver and spleen had decreased 
in size Wassermann, negative 

CvSF 18 — Male, aged 23 Feb 7, 1919 Chancre 

March 14 1919 Had received novarsenobillon, 2 85 gm , and mercury, 
032 gm in five treatments with intervals of ':even days March 20 Developed 
a severe dermatitis April 10 Skin thickened, purplish red, with a fine papular 
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eruption and marked scaly exfoliation Moderate stomatitis and conjunctivitis 
Liver and spleen not palpable Blood pressure, 100/60 Unde contains bile 
pigment and salts , no leucin or tyrosin 

April 25 Liver 1 inch below costal margin White blood cells, 17,200 
Temperature, from 99 to 100 F 
May 9 Spleen, palpable 

July 13 Chemical blood analysis Recovered from dermatitis Liver and 
spleen still palpable Wassermann, negative Urine contained no arsenic ninetj- 
one days after last injection 

Case 19 — Male, aged 36 Received novarsenobillon, 405 gm , and mercurj, 
0 45 gm , in seven treatments with intervals of seven days, the course terminat- 
ing in April, 1919 No immediate reaction Wassermann, negative 

May 29, 1919 Returned from seven days’ leave complaining of drowsiness, 
anorexia, nausea, clay colored stools and jaundice 

July 2 Markedly jaundiced , liver, palpable , tenderness over gallbladder 
Urine contained bile pigment, a trace of protein and an occasional granular 
cast No arsenic found m urine seventy-five days after last injection 

July 13 Chemical blood analysis Clinical findings remained unchanged, 
excepting for the absence of protein and casts m the urine 

Case 20 — Male, aged 21 Typhoid, 1910 Gonorrheal urethritis and prosta- 
titis, February to May, 1919 

June 24, 1919 Weakness, nausea and jaundice Liver and spleen palpable 
July 13 Chemical blood analysis Jaundice and subjective symptoms had 
disappeared Liver and spleen still palpable 

Case 21 — Male, aged 27 Psoriasis April 20, 1919 Chancre 
June 11, 1919 Had received novarsenobillon, 3 45 gm , mercury, 0 32 gm , 
in seven treatments with intervals of seven days Following the third injec- 
tion, chills, headache and muscular stiffness, following the fourth injection, a 
maculopapular eruption 

June 25 Marked generalized dermatitis with profuse desquamation Liver, 
IV 2 inch below costal margin Wassermann, negative No arsenic found m 
urine thirty-two days after last injection 

July 13 Chemical blood analysis Clinical findings unchanged 
Case 22 — Male, aged 37 Dec 15, 1918 Chancre 

Jan 29, 1919 Had received novarsenobillon, 3 45 gm , and mercury, 0 388 gm , 
in six treatments with intervals of seven days Following the fifth treatment 
an eruption appeared on the neck 

March 31 Wassermann, negative A trace of protein m the urine 
April 12 Moderate conjunctivitis, skin red, with diffuse dark papules, slight 
desquamation Liver, palpable Blood pressure, 96/60 Urine contains a trace 
of bile pigment and protein 

April 25 Marked generalized desquamation Liver, 2 inches below costal 
margin Spleen, enlarged Several abscesses on thighs and neck No trace 
of arsenic in 50 gm of skin flakes 

Ma}’- 16 Abscesses healed Desquamation slight Skin markedly pigmented 
Blood pressure, 125/80 Liver and spleen as before Temperature, from 99 to 
103 F for past three weeks Complains of numbness m feet White blood 
cells, 14,000 

June 9 Urine free from bile pigment, bile salts, protein, leucin, tyrosin 
and casts Wassermann, negatne No arsenic found in urine 135 days after 
last injection 

Julj' 17 Chemical blood analysis General condition greatly improved 
Case 23 — ^Male, aged 23 Feb 27, 1919 Chancre 

May 5, 1919 Had received novarsenobillon, 2 85 gm , and mercury, 0 32 gm , 
m five treatments wnth intervals of seven days This was immediately followed 
by a severe generalized dermatitis, associated with marked desquamation and 
numerous small abscesses Urine contained a trace of protein 
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April 25 Deep pigmantation of skin, fine branny desquamation Luer and 
spleen enlarged Blood pressure, 115/70 Loss of finger nails Urinahsis 
normal No arsenic found in urine se\entj-four dajs after last injection 
Julj 17 Chemical blood analysis General condition improving, still a bed 
patient 

Case 24— Male, aged 22 June 13, 1919 Deeplj jaundiced Urine contains 
bile pigment, protein and granular casts No history of sjphihs or of treatment 
July 2, 1919 Deeply jaundiced, Iner and spleen palpable, indefinite pains in 
liver region, stools clay colored, appetitie, good, Wassermann, negative 

August 17 Chemical blood analysis Condition unchanged, excepting for 
the absence of protein and casts m the urine 

Case 25 — Male, aged 21, weight, 160 pounds Feb 12, 1919 Had received 
novarsenobilllon, 5 45 gm , and mercury, 0648 gm , in ten treatments with 
intervals of seven days 

August 1 Anorexia, nausea and jaundice Liver and spleen not enlarged 
Urine contains bile pigment and bile salts No arsenic found in urine 125 
days after last injection 

August 17 Chemical blood analysis General condition fair, slightly 
jaundiced, liver not enlarged 

Case 26 — ^Male, aged 21 April 21, 1919 Chancre 

June 12, 1919 Had received nov arsenobillon, 64 gm , and mercury, 0 71 gm , 
in eleven treatments with intervals of seven days 

June 29 Chills, weakness, abdominal cramps, constipation and jaundice 
Wassermann, negative 

July 7 Complains of weakness, jaundice persists, liver, palpable No 
arsenic found in urine thirty'-five days after last injection 
July 17 Chemical blood analysis Condition unchanged 
Case 27 — Male, aged 25 Feb 9, 1919 Chancre 

March 17, 1919 Had received novarsenobillon, 4 05 gm , and mercury, 
0 45 gm , in seven treatments with intervals of seven days 
June 13 Weakness, constipation and jaundice 

July 8 Deeply jaundiced Liver, slightly enlarged No arsenic found in 
urine ninety days after last injection 

July 17 Chemical blood analysis General condition slightly improved 
Case 28 — Male, aged 34 No history of infection April 10, 1919 Developed 
a generalized maculopapular eruption Wassermann, strongly positive 

June 23, 1919 Had received novarsenobillon, 4 05 gm , and mercury, 0 45 gm , 
in seven treatments with intervals of seven days 
June 27 Nausea, vomiting and jaundice 

July 8 Jaundiced, liver, palpable, urine contains bile pigment, no complaints 
No arsenic found in urine twenty-four daj^s after last injection 
July 17 Chemical blood analysis General condition unchanged 
Cases 29 to 34 — These patients were recov'enng from illnesses other than 
toxic jaundice, and at the time of the chemical blood analyses were still in 
a weakened condition 

Cases 35 to 40 — ^These men were apparently in good health at the time of 
the chemical blood analyses 


METHODS EMPLOYED 

A complete twenty-four hour specimen of urine was collected from 
each patient on the day preceding the blood analysis On these speci- 
mens were determined the volume, reaction, specific gravity, protein, 
sugar, bilirubin, bile salts, urobilinogen, urobilin, uric acid and the 
microscopic contents 
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Synchronous blood and urine specimens were collected on the fol- 
lowing morning before breakfast, by the following method At 6 a m 
the patient completely emptied his bladder , at 7 30 a m , from 30 to 
40 c c of blood was aspirated, by venipuncture, into a bottle contain- 
ing potassium oxalate crystals (20 drops of 20 per cent potassium oxa- 
late solution evaporated on the bottom and sides of the bottle) , at 9 
a m , the three-hour specimen of urine was collected In some cases, 
when the urinary excretion was low^ a glass of water was given during 
this period 

The following estimations were made on the whole blood Sugar, 
creatinm, cholesterol, urea nitrogen, uric acid and bile salts Bilirubin 
tests were made on the plasma 

On the three hour specimens of urine, the following determinations 
were made Rate of excretion, reaction, specific gravity , the presence 
of bile salts and protein, and, quantitatively, sugar, uric acid, uro- 
bilinogen, urobilin and bilirubin 

Sugar in the urine was estimated quantitatively by Myers’ method,^® 
bilirubin, by Hooper and Whipple’s modification of Huppert’s reac- 
tion bile salts were estimated by Hay’s sulphur test Urobilinogen 
was tested by extracting with amyl alcohol after developing the color 
in the urine by the use of Ehrlich’s reagent, diluting to a suitable 
volume with amyl alcohol, and obtaining relative quantitative figures 
by matching against a standard solution in a Hellige colorimeter The 
relative rate of excretion was obtained by multiplying this figure by 
the c c per hour of urine and dividing by 1,000 

Urobilin estimations in the urine ivere made by extracting with 
amyl alcohol and adding to this an ammoniacal alcoholic solution of 
zinc chlorid, relative quantitative figures were obtained by repeated 
alcoholic dilutions until no fluorescence could be detected on exam- 
ining in sunlight against a black background The relative rate of 
excretion was obtained by multiplying the dilution by the c c per hour 
of urine and dividing by 100 The relative oxidation of urobilinogen 
was obtained by dividing urobilin by urobilinogen Uric acid in the 
urine was quantitatively determined by the method of Benedict and 
Hitchcock Blood sugar estimations were made by a modification 
of the Lewis and Benedict method 

Creatinm m the blood was estimated by Folin’s method as modified 
and desenbed by Myers and Killian Blood cholesterol was deter- 

10 Myers, V C Proc Soc Exper Biol & Med 13 178, 1916 

11 Hooper, C W , and Whipple, G H Am J Physiol 40 332, 1916 

12 Benedict, S R , and Hitchcock, E H J Biol Chem 20 619, 1915 

13 Myers, V C , and Bailey, C V J Biol Chem 24 147, 1915 

14 Myers V C , and Kilhan, J A Am J M Sc 157 674, 1919 
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mined by the method described by IMyers and Wardell.^' urea nitrogen 
m the blood, by Van Slyke and Cullen’s modification of Marshall’s 
method/® uric acid in the blood, by the Folm and Dcnis-Benedict 
method as described by Myers and Fine 

The presence of bile salts m the blood was determined by applying 
Pettenkofer’s test to the supernatent fluid, after the precipitation of 
the purms, m the method for estimating the blood uric acid, 10 c c of 
blood was used m this test Gmehn’s test for bilirubin was applied 
directly to the plasma Bilirubin m the plasma was also estimated by 
the method described by Blankenhorii ® and found to correspond with 
the results of Gmehn’s test The method consists in diluting the plasma 
until a color can barely be detected m a column 1 cm deep , the number 
of dilutions is the bilirubin index 

A modified Gutzeit’s test was used for arsenic, 50 c c of urine 
being employed 

DISCUSSION 

Exaction of Aisemc — No arsenic was found in the urine of any 
of these patients, tests were made at periods \arymg from 24 to 157 
days after the last tieatment 

Analyses of Twenty-Font -Houi Utines — The twenty-four-hour 
urines of all these patients were free from protein and pathologic sedi- 
ment No bile salt was indicated by Hay’s test Six of the patients 
clinically jaundiced had bile pigment m the urine , the method used 
was found unsuitable for accurate quantitative determination of small 
quantities 

The relatue rate of excretion of urobilinogen and the relative oxi- 
dation of this substance to uiobilin are shown in Table 1, and will be 
referred to later The daily excretion of sugar is shown m Table 1 
to be normal in all of the cases — the amount not being detectable by 
ordinary methods The daily excretion of uric acid was much greater 
111 the more severe cases 

Bihtnhin, Utohihnogcn, Utobihn — In ele\en cases, bile pigment 
was found in the plasma and, as a rule, in these cases bile salts were 
also found, although a few cases showed dissociation The extent of 
the jaundice did not correspond wnth the se\erit} of the illness 

In Table 3 the cases are grouped according to the presence oi 
absence of bilirubin in the plasma , cases not associated wnth disordered 
hvei are classified by the presence or absence of debility The greatest 

15 M^e^s, V C, and Wardcll, E L J Biol Chem 36 147, 1918 

16 Van Shke, D D, and Cullen, G E J Biol Chem 19 211, 1914 

17 kl>ers, V C, and Fine, M S J Biol Chem 20 391, 1915 

18 Simon W Manual of Chemistn, Xev York, 1916 

19 Baile\, C V Arch Int Med 23 455 (Oct) 1919 
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excretion of urobilinogen and urobilin was noted in the jaundiced 
cases , in the liver cases which were free from jaundice the output of 
this pigment was less than half Among the cases not associated with 
liver disturbance, the debilitated patients had twice the excretion of 
the well patients A relatively higher rate of excretion of urobilinogen 
and urobilin was present in the early morning than, on the average, 
during the day This was most marked m the severe cases, the early 
morning rate being 19 66 per hour, while for the twenty-four-hour 
period the rate was 13 4 per hour The difference in the liver cases 
in which improvement was noted was less marked, being 8 6 per hour 
in the morning and 7 6 per hour in the twenty-four-hour specimens 


TABLE 1 — Twfnty-Foijr-Hour Urine 


C ise 

Yolume, 
C c 

Bili- 

rubin 

I 

Total Relntne 
i Excretion 

Relative 
Oxida 
tion of 
Urobi- 
linogen 

Uric Acid 

Sugar, 
Gm in 

24 Hrs 

f 

Urobi 

Imogen 

j Urobilin 

Gm in 

24 Hrs 

1 

Mg per 

1 

1 

2 300 

— 

563 8 

20 7 

004 

0 65 

27 0 

1 61 

o 1 

2,210 

— 

165 75 

24 31 

015 

0 975 

40 62 

1 69 

3 

1260 

— 

191 52 

10 08 

0 05 

0 945 

39 37 

1 33 

4 

1,325 

— 

250 42 

19 87 

1 0 08 

0 903 

1 37 62 

167 

5 

1495 

— 

55 31 

17 94 

0 32 

0 57 

23 75 

102 

6 

1,005 

— 

55 27 

11 05 

02 

065 

27 0 

1 IS 

7 

1,424 

— 

148 09 

249 2 

168 

0 720 

30 25 

128 

8 

1,480 

— 

325 6 

22 2 

0 07 

0 518 

2158 

1 48 

9 

1,120 

— 

259 8 

20 72 

0 08 

0 683 

28 45 

132 

10 

1,520 


161 12 

i 912 

006 

0 744 

31 0 

2 55 

11 

1,150 

— 

188 6 

63 25 

0 34 

0 57 

23 75 

128 

12 


— 

54 4 

16 0 

0 29 

0 48 

20 0 

0 67 

13 

2,350 


658 

I 18 8 

1 0 28 

0 607 

25 29 

1 03 

14 

1,450 1 


79 75 

i 261 

, 0 33 

0 75 

, 3125 

0 84 

15 

2,150 1 

— 

75 25 

217 15 

2 83 

0 47 

19 58 

0 73 

1C 

660 

— 

192 06 

27 06 

014 

0 56 

23 33 

09 

17 

1,300 

— 

54 6 

16 9 

0 31 

1 35 

56 25 

117 

18 

1,150 

1 

138 0 

33 35 

0 24 



1 56 

19 

2,315 

+++ 

451 42 

13195 

0 29 

i 


1 39 

20 

1,470 

— 

51 45 

42 63 

0 83 

0 715 

29 79 

0 88 

21 

740 

-f 

63 64 

6616 

1 04 



118 

22 

1,470 

— 

52 92 

164 64 

311 

1 4 

58 33 

1 23 

23 

2,030 

— 

36 54 

64 96 

1 77 

0 574 

23 91 

114 

24 

1,700 


88 4 

149 6 

1 09 

0 83 

34 58 

1 22 

25 

1,150 

+-1-1-1- 

414 0 

146 0 

0 35 

11 

45 83 

2 76 

26 

1,030 ; 


25 2 

115 5 

4 58 

0 743 

30 95 

1 28 

27 

1,800 1 

+ + 

594 0 — 1 

273 6 ! 

0 47 

175 

72 91 

2 41 

28 

1,470 

+■}-++ 1 

117 6 

21168 ! 

18 -i 

1 62 

67 5 

2 47 


Oxidative Activity of the Uiinc — In the voided urine, the relative 
oxidation of urobilinogen to urobilin was greatest in the well patients 
and least in the severe liver cases, indicating either the presence of a 
protecting substance or of a decreased excretion of oxidase in these 
cases The latter is the probable explanation as in similar conditions — 
poisoning by phosphorus, chloroform, etc — there is a decrease of 
oxidation in the body, as shown by the respiratory exchange and the 
presence of incompletely oxidized bodies in the urine In Table 3 
the figures indicate not only a decreased excretion of oxidase in the 
liver cases, but also in debilitating conditions not clinically associated 


20 Wells, H G Chemical Pathology, Philadelphia and London, 1918, p 542 
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with disordered Iner Absolute rest seems to increase the excretion 
and probabl}'^ the production of oxidase, in the twent} -eight luer ca'^cs 
the oxidatne activity in the urine was greater in tlie early moming 
than in the twenty-four-hour specimens in the proportion of 59 to 49 

Cholesterol —Oi greater interest is the concentration of cholesterol 
in the blood In the twelve cases not associated with disordered Iner, 
the percentage varied from 0 117 to 0 21, giving an average of 0 155 per 
cent, wdneh compares favorably with Gorham and flyer's fourteen 
normal cases with an average of 0 15 per cent , using the same method 
Of the patients wuth catarrhal jaundice, one (Case 20) had recovered 
and show^ed a blood cholesterol of 0 153 per cent , a second patient 
(Case 24) w'as still deeply jaundiced and had a slight increase of this 
substance in his blood (0 184 per cent ) The blood cholesterol in the 
case of Syphilitic hepatitis is slightly above the average normal In 
the twenty-fi\e cases of toxic jaundice, the cholesterol value is strik- 
ingly high, giving an average of 0 235 per cent , the values varying 
from 0165 per cent in a patient apparently recovered, to 0 292 per 
cent m a recent case In 84 per cent of these cases, the value is over 
0 2 per cent In Table 3 one sees that the greatest concentration of 
cholesterol in the blood occurred in the cases in which bile pigment 
was found in the plasma Hypercholesterolemia, how'ever, w^as found 
in nearly all of the toxic cases and was present m the patients free 
from symptoms, wdnle still under hospital treatment It seems to be 
an early and marked sign of toxic jaundice and its ^presence may be a 
valuable sign of a precarious state of the liver in these cases 

Sugar — No disturbance of carbohydrate metabolism wms dis- 
covered The values for blood sugar are normal, in the last six cases 
the values are above normal, but these patients were examined three 
hours after breakfast and were influenced by alimentation The cxcie 
tion of sugar at the time of the blood analyses and for the tw’cniy- 
four-hour period w^as at the normal rate 

Blood Urea and Cicatrnrn — A stud} of the nonprotein nitrogenous 
constituents of the blood is complicated by the high protein diets and 
the varying physical restrictions placed on these men The values 
for urea nitrogen in the last six cases, the patients apparently being in 
good health, are within the upper normal limit, which is 20 mg per 
hundred c c of blood Of the remaining cases, some show normal 
values, but the maiority are above normal, one as high as 49 mg per 
hundred cc That this increase is in part due to impaired elimination 
by the kidnevs is shown by the fact that, with few exceptions, the 
cases with a urea nitrogen exceeding 20 mg per hundred show a slight 

21 Gorham, F D and M\ers V C Arch Int Med 20 599 tNov' ) 1917 

22 Ka^^t L , ami \\ ardtll Z L Arch Int Med 22*581 (Nov) 1918 
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TABLE 2 


Case 

RnRu 

Blood 


TJrine— 

Bilirubin 


Choles- 

terol, 

per 

Cent 

Sugar, 

per 

Cent 

Gm 

per 100 C c 

Sugar, 
Gm 
per Hr 

Uric 

Acid, 

Mg 

per 

Hr 

Index 
of Uric 
Acid 
Excre- 
tion* 

Bill 

rubin 

Gmclin s 
Test 

By Dilu 
tion of 
Plasma 

Croat 

Inm 

Urea 

N 

■Drlc 

Acid 

1 

239 

— 



mam 

0 

086 

2 

2 

40 

4 

41 

006 

23 

86 

0 

18 


2 

92 

— 




0 

102 

2 

85 

22 

4 

9 

0 040 

20 

87 

0 

23 


3 

81 

— 



■llttlSM 

0 

1 

> 

6 

32 

3 

3 

006 

25 

88 

0 

127 


4 

89 

— 




0 279 

0 

09 

2 

4 

33 

4 

7 

0 036 

28 

56 

0 

17 


5 

13 



~ 

0 233 

0 

118 

3 

2 

37 

4 

2 

0 036 

9 

08 

0 

466 

— 

6 

55 

— 

16 

+ 

0 203 

0 

096 

1 

98 

22 

3 

67 

0 056 

32 

2 

0 

114 

— 

7 

54 



8 



0 203 

0 

102 

1 

94 

24 

2 

11 

0 044 

43 

1 

0 

049 


8 

136 

— 

12 

— 

0 233 

0 

1 

1 

96 

27 

2 

46 

0 015 

8 

21 

0 

3 



9 

84 

+ 

30 

— 

0 267 

0 

11 

2 

22 

24 

3 

7 

0 035 

19 

2 

0 

2 

— 

10 

69 


12 

— 

0193 

0 

1 

2 


23 

3 

57 

0 044 

28 

11 

0 

127 

— 

11 

83 

+ 

24 



0 292 

0 

118 

2 

5 

31 

2 

5 

0 054 

19 

3 

0 

13 

__ 

12 

122 

— 

14 

— 

0 275 

0 

106 

2 

4 

43 

3 

87 

0 234 

10 

13 

0 

387 

— 

13 

66 



10 

— 

0 205 

0 

112 

2 

6 

SO 

3 

57 

0 086 

63 

5 

0 

056 


14 

70 

— 

10 


0 203 

0 

092 

2 

26 

28 

5 

0 

0 046 

27 

8 

0 

178 

— 

15 

00 

— 

14 

— 

0 212 

0 

1 

2 

58 

31 

4 

78 

0147 

66 

0 

0 

072 

— 

16 

58 


14 


0 203 

0108 

2 

02 

33 


76 

0 056 

22 

6 

0 

076 

— 

17 

113 

— 

8 

— 

0 258 

0 

094 

2 

41 

15 

4 

34 

0 009 

96 

7 

0 

045 

— 

18 


— 

12 

— 

0175 

0 

096 

1 

76 

12 

5 

55 

0 033 





— 

19 

45 

-r + + 

150 

+ 

0 222 

0 

108 

1 

74 

8 

1 

94 

0 048 

50 

7 

0 

034 

+-!-+ 

20 

19 

+ + 

60 


0153 

0 

108 

1 

54 

11 

3 

12 

0 032 

20 

5 

0 

156 

— 

21 

45 

+ 

40 


0 292 

0 

096 

1 

8 

14 

5 

31 

0 034 

60 

5 

0 

087 

+ 

22 

170 

— 

12 

— 

0 285 

0 

124 

2 

13 

14 

5 

0 

0 045 

44 

6 

0 

11 

— 

23 

74 

+ 

50 

+ 

017 

0 

12 

2 

8 

30 

3 

0 

0 07 

44 

G 

0 

066 

— 

24 

34 

+ + + 

120 


0184 

0 

084 

1 

5 

20 

3 

7 

0 054 

50 

0 

0 

074 

+ + 

25 

16 

+ + 

80 

+ 

0 24 



1 

8 

36 

6 

3 

02 

168 

6 

0 

037 

+H-f+ 

26 

18 


50 

+ 

0 292 



1 

7 

16 

2 

39 

0148 

95 

0 

0 

025 

— 

27 

34 

++ 

' 80 

++ 

0 275 



1 

3 

29 

3 

1 

0 052 

66 

0 

0 

047 


28 

20 

++ 

90 


0 237 

0 

116 

1 

2 

39 

1 

5 

0 055 

53 

4 

■ 


-l-i-++ 

29 





0 21 

0 

1 

2 

3 

36 

5 

54 

0 03 

31 

0 

H 

178 



30 


___ 


— 

012 

0 

102 

2 

0 

34 

6 

4 

0 027 

20 

2 

0 

246 

— 

31 





016 

0 

112 

2 

1 

36 

2 

3 


103 

1 

0 

^9 


32 


— 


— . 

018 

0 

108 

I 

9 

47 

3 

3 


27 

3 

K 

037 

— 

33 


— 



015 

0 

1 

1 

98 

41 

5 

45 


89 

4 

1 

2 

— 

34 


— 


— 

0117 

0 

088 

1 

84 

49 

3 

23 


64 

0 

0 


— 

35 




+ 

019 

0 

124 

2 

3 

16 

2 

32 

0 014 

8 

0 

B 

29 


36 


— 


— 

012 

0 

112 

2 

1 

18 

3 

0 

0 03 

34 

0 

.0 


— 

37 





017 

0 

12 

2 

0 

19 

3 

3 


47 

2 

0 


— 

38 


— 



0137 

0 

12 

2 

1 

20 

2 

4 _ 

0 028 

35 

0 

0 


— 

39 


— 



015 

0 

118 

2 

1 

18 

5 

6 

■I1I3W 

54 

8 

0 

1 

— 

40 





016 

0 

128 

2 

1 

20 

1 

7 

0 024 

35 

7 

0 




Slilligrams per 1(X( C e of blood dividtd bj milligrams per hour excreted 
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TABLE 2 


— Lnne 





Diet 





Reliiti\c rxcre 
tion Entc per Hr 

Relati\e 


Protein 


Fat, 

Gm 

Car- 

bohj 

drate. 

Diagnosis 

Remarks 

tion of 
Urobi 
linoBcn 

Ani- 

mal, 

Gm 

Vege 

table, 

Gm 


Urobi 

llnogen 

Uro- 

bilin 

Total 

Gm 

Gm 



52 W 

2 24 

mm 

90 

00 

150 

152 

435 

Sjphilitic hepatitis 

Debilitated 

3 18 

0 73 

Brea 

90 

00 

150 

152 

435 

Tomc jaundice 

1 37 

0 00 


90 

GO 

150 

152 

435 

Toxic jaundice 

■ unrestricted 

3 CS 

0 80 


90 

GO 

150 

152 

435 

Tomc jaundice 

up and about 

185 

1 40 


90 

GO 

150 

152 

435 

Toxic jaundice 


4 94 

123 

0 25 

82 

59 

141 

100 

450 

Tomc jaundice and 
furuncuiosis 


4 48 

3 28 


90 

60 

150 

152 

435 

Tomc jaundice 

Conflned to 

9 47 



95 

9 

104 

124 

282 

Toxic jaundice 

hospital ward 

9 72 



95 

34 

129 

126 

380 

Tomc jaundice 


2 2*2 



90 

00 

150 

152 

435 

Toxic jaundice 


4 02 


2 21 

90 

00 

150 

152 

435 

Toxic jaundice 


1 07 


2 84 

90 

GO 

150 

152 

435 

Toxic jaundice and 
furunculosis 


4 03 

2 52 



GO 

150 

152 

435 

Toxic jaundice 

Debilitated 

4 00 

808 

1 73 


GO 

150 

152 

435 

Toxic jaundice 

unrestricted. 

11 31 

i 3j 



CO 

150 

152 

435 

Toxic jaundice and 
nephritis 

up and about 

4 53 

5 78 

1 27 

90 

GO 

150 

152 

435 

Toxic jaundice 


10 23 

5 31 


123 

35 

158 

147' 

SCO 

Toxic jaundice and 
dermatitis 


88 

4 24 


123 

35 

158 

147 

300 

Toxic jaundice and 
dermatitis 


83 28 

3 45 


72 

53 

123 

105 

392 

Toxic jaundice 


2 34 

4 75 


93 

37 

135 

132 

414 

Catarrhal jaundice 


768 

6 92 

Hjvjn 

117 

33 

150 

35 

386 

Toxic jaundice and 
dermatitis 


3 25 

0 33 



33 

157 

147 

353 

Toxic jaundice and 
dermatitis 

Confined to 
hospital ward 

34 

58 



59 

IGl 

118 

480 

Toxic jaundice and 
dermatitis 

27 

7 02 

2 82 

130 

52 

188 

130 

438 

C itarrhal jaundice 


22 81 

10 38 

0 71 

90 

60 

150 

152 

435 

Toxic jaundice 


17 05 

11 7 

000 

90 

60 

150 

152 

435 

Toxic jaundice 


12 94 


0 54 

109 

80 

189 

102 

043 

Toxic jaundice 


20 44 

40 

0 22 

115 

SO 

195 

164 

643 

Toxic jaundice 


1 43 


128 

90 

00 

150 

152 

435 

Bronchitis 


1 33 


3 80 

90 

00 

150 

152 

435 

Disordered action 
of the heart 


814 

4 02 

0 50 

90 

GO 

150 

152 

435 

Meningitis 

Debilitated 

2 47 

5 98 

1 15 

90 

GO 

150 

152 

435 

General debilitv 

unrestricted. 

5 2 


4 84 

90 

00 

150 

152 

4^5 

Syphilis and ton 

SlllltlS 

up and about 


4 02 

0 42 

90 

GO 

150 

152 

435 

Constipation 



118 

2 

90 

00 

150 

152 

435 

Influenza 



1 12 

1 00 

90 

GO 

150 

152 

435 

Arthritis 


1 41 

24 


90 

00 

150 

152 

435 

Gastritis 

Recovered 

1 17 

208 

2 29 

90 

GO 

150 

152 

435 

Normal 

unrestricted, 

1 i 

312 

1 S3 

90 

GO 

150 

152 

435 

Sciatica 

up and about 

1 

1 93 

1 02 

98 

53 

151 

133 

429 

Normal 
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increase in blood creatinm and uric acid and a decreased excretion of 
uric acid as shoun by the ratio of excretion to blood concentration 
These patients were all more or less debilitated and their high protein 
diet probably accounts for most of the urea nitrogen increase Unfor- 
tunately, the excretion of urea was not estimated 

U}ic Acid — The relationship between the concentration of uric 
acid in the blood and the rate of excretion (mg per hundred c c of 
blood divided by mg per hour excreted) is of interest in considering 
the blood uric acid It has frequently been demonstrated that uric 
acid is the most difficult of the nitrogenous waste products to eliminate 
and that one of the first signs of failing kidney function is an increase 
of this substance in the blood Accepting 3 mg per hundred c c of 
blood as being the normal upper limit, we find that in 67 per cent of 
the first twenty-eight cases abnormally high blood uric acid was noted 
In only 14 per cent of these cases did we find a uric acid excretion 
index above 0 2 (Watanabe’s figure of slightly impaired kidney func- 
tion -^), and in many cases (Nos 15, 17, 21 and 25) we found a very 
free excretion associated with a high concentration in the blood, point- 
ing to an increased production of uric acid As the diet was low in 
purms and none of these patients had a leukocytosis at the time of 
examination, one naturally thinks of liver nuclear substance as the 
source of this uric acid 


TABLE 3 


Cnse 

1 

Urobi j 
Imogen 

Uro 

bilin 

Com 

bined 

F\crc 

tion 

Kclatii e 
Oxidation 
ol Urobi 
Imogen 

Blood 
Choles 
terol 
per Cent 

Liver cases having bile pigment in 
plasma— 9, 11 19 to 21, 23 to 28 


716 

19 66 

57 

0 238 

Improved liver cases, no bile pigment 
in plasma— 2 to 8, 10, 12 to 18, 22 

5 34 

3 26 

86 

G1 ! 

0 224 

Debilitated cases, not associated vlth 
disordered ll\er— 29 to 34 

4 92 

5 68 

10 6 

115 

0150 

Recovered cases not associated with 
disordered liver— 35 to 40 

1 18 

2 07 1 

1 

3 25 

175 ! 

1 

0154 


Effect of EAcicise — The deleterious effect of exercise on debili- 
tated patients is well shown in Table 4 In the first group, constituting 
the more serious cases, the urea nitrogen is practically normal , so also 
the creatinm There is a slight increase m blood uric acid, but the 
excretion is very good These patients were confined to their wards 
The second group is made up of patients who had apparently recov- 
ered The diet of this group is 4 per cent richer in protein, but the 

23 Mjers, V C, Fine, S, and Lough, W G Arch Int Med 17 570 
(Maj) 1916 Baumann, L, Hansmann, C H, Davis, A C, and Stevens, F A 
\rch Int Med 24 70 (July) 1919 

24 Watanabe, C K Am J M Sc 154 76, 1917 
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blood anal\ses show 57 per cent more urea nitrogen, 9 2 per cent more 
uric acid, 37 per cent more creatinin, and a little more than one-half 
the ability to excrete uric acid as shown by the index, these patients, 
being apparently w'ell, were unrestrained Reference will be made later 
to the association of glycogen m the li\er with a protection of that 
organ against poisonous substances It may be stated, how^ever, that 
the susceptibility of the liver to the destructive action of circulating 
toxins IS in inverse proportion to the amount of glycogen contained in 
that organ Hammarsten and Hedin point out the fact that, during 
rest, the glycogen content of the liver is greatly increased, and that it is 
diminished during w'ork In dogs, Kulz found the liver glycogen 
reduced to a minimum after a penod of a few hours hard work Con- 
sidering this with the results shown m Table 4, w’^e see that in the 
debilitated patients the effect of exercise is to decrease the excretory 
power of the kidneys, increase the w^aste products in the blood, and 
lower the resistance of the luer to toxins 


T^P.LE 4 




Blood 


Index 
of Uric 
Acid 
Fxcre- 
tion* 

Protein in Diet 

Cases 

Uric 1 
Vcid, 
Mg per 
100 Cc 
of Blood 

Urea 

N, 

Mg per 
100 Cc 
of Blood 

Creat- 
inin, 
Mg per 
100 C c 
of Blood 

Anl 

mal, 

Gm 

per 

Day 

V’^egc 

table, 

Gm 

per 

Day 

Total, 

Gm 

per 

Day 

Lhcr cases, confined to hospital 
ard— 6 to 10 IT to 2S 

3 5T 

[ 

1 210 

1 87 

0 0C4 

98 


144 

Lher cases, debilitated, imre 
stneted up and about — 1 to 

5 n to 16 

30 

I 

1 

\ 330 

2 57 

i 

0121 

i 

£K) 

1 

60 

150 

Debilitated cases, not associated 
vith disordered In or, up and 
about— 29 to 34 

4 37 

40 5 

2 02 

0 077 

90 

i 

no 

150 

Recovered cases, not associated 
with disordered liver, up and 
about— 35 to 40 

3 05 

18 5 

1 

i " ^ 

0 086 

91 

1 

59 

150 


* Millit,rtm« rir 100 Cc of blood divided bj inillif,r 1111 = per hour excreted 


In this t}pe of poisoning, decreased oxidative activity has been 
held accountable for the free autolysis occurring in the liver 2 '’’ Oui 
figures indicate an increased oxidative activity during absolute lest 
and are a further plea for rest during the treatment of these patients 

A possible cvplanation of the “delay” in poisoning by aisenobenzol, 
chloiofoini, etc, presents itself Harrison^ suggests that each dose 
of arsphenamin contributes its quota of damage to the liver, and that a 
final dose precipitates the toxic symptoms In many cases, how^ever, 
the toxic svmptoms do not appear for weeks after the last treatment 
It seenw quite possible that in these cases the damaged organs are 

-f PhjMologiacl Chemistrv, London and \*ew 

lork 191 0 p 391 

26 Wells H G J A W A 46 341 (Feb 3) 1906 
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able to functionate during the course of tieatment, \\hen dietetic and 
physical restrictions are imposed, but when these are removed, and 
the patient returns to work and an unrestricted diet, the straw “which 
breaks the camel s back” has been added and toxic symptoms appear 
This IS well illustrated m Case 19 The patient had received 4 05 gm 
of novarsenobillon in seven weekly doses, during the treatment, and 
for the following three weeks, he remained in the hospital and had no 
toxic symptoms He v as given seven days leave, however, and 
returned toxic and jaundiced Similar observations weie made in tne 
case of another patient (Case 8) Assurances were given by each of 
these men that their lives were abstemious during their absence 

Chmcal Application — From the above results it would seem that, 
in addition to considering the protein intake of these patients, we must 
carefully legulate their exercise Ph5'^sical examination fails us in 
classifying these cases and resort must be had to some functional test 
if we are to avoid toxic symptoms In Table 4 the index of uric acid 
excretion appears to be the best test, but the labor entailed tends to pre- 
clude It as a routine method The estimation of the urea m the blood 
is the second choice, and its routine use in institutional treatment is 
quite practicable An abnormally high value in a patient at rest would 
be an indication for reducing the protein in the diet, while similar 
results in “up patients” would, perhaps, call for both rest and piotein 
restriction 

Diet in the Treatment of Syphilis — Experimental toxic jaundice has 
added greatly to our knowledge of liver damage and repair The 
lesions produced in the li\ er by arsenobenzol derivatives are similar to 
those produced by chloroform and phosphorus, being essentially a 
fatty infiltration, with more or less necrosis of the liver cells Opie 
and Alford have shown that in both chloroform and phosphorus 
poisoning, less damage is done to the liver if a carbohydrate diet is 
gnen Graham-® demonstrated that in dogs the resistance of the liver 
to chloroform is proportional to the amount of glycogen in that organ 
Rettig has made similar observations in connection with phosphorus 
poisoning 

Many interesting and practical observations, which might well be 
applied to the toxic cases under discussion, have been made by Davis 
and Whipple from their experiments on liver destruction and repair 
in dogs poisoned b> chloroform Their findings may be summarized 
as follows (1) In starvation, a maximal injur} to the liver is to be 

27 Opic, E L , and Alford, LB J A M A 62 295 (Jan 24) 1914 

28 Graham E A J Exper Med 21 185, 1915 

29 Rettig, H A.rch f exp Path u Pharmakol 76 345, 1914 

30 DaMS N C, and Whipple, G H Arch Int j\Ied 23 612 (May) 1919 
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expected (2) Sugar and diets rich in carbohydrates, fed in the days 
preceding chloroform anesthesia, exert a marked protectue action 
against Iner injury (3) Fats alone, or combinations of food contain- 
ing fat in large proportion, induce a maximal susceptibility to liver 
injury ^(4) Skim milk alone is highl}^ protective (5) A diet of bread 
and skim milk or any rich carbohydrate diet gives the optimum liver 
repair (6) A diet of cooked skeletal muscle is not favorable for rapid 
liver repair (7) Fat diets do not aid in liver repaii 

Lusk has shown that, in phosphorus poisoning, when the body 
carbohydrates are lowered, protein metabolism is greatly increased 
This IS explained by Luthje and Cathcart who conclude that car- 
bohydrates are necessary m the synthesis of protein from the absorbed 
products of protein digestion A rich carbohydrate diet would, there- 
fore, ensure a complete assimilation of the protein and call for but a 
minimum protein intake In determining this minimum, many factors 
come into play, these have been considered carefully and applied by 
Chace and Rose in their dietetic treatment of nephritis These 
authors find that 60 gm of mixed animal and vegetable protein is quite 
sufficient foi patients under treatment, provided the necessary carbo- 
hydrate is given to make up their fuel requirements 

It would seem advisable in the treatment of syphilis to institute a 
rich carbohydrate diet very low m fat and protein This diet should 
precede the treatment by several days and should be continued through- 
out its full course The high blood urea and the prolonged convales- 
cence in our reported cases emphasize the advisability of such a diet 
being used 

SUMMARY 

A report is made on the chemical blood and urine analyses in 
twent}-five cases of toxic jaundice following combined arsenical and 
mercurial tieatnient for syphilis, on two cases of catarrhal jaundice, 
on one case of s)'philitic hepatitis, and on twelve cases in which patients 
were reco\ermg from illnesses not associated with the liver 

Arsenic tests m ei e made on the moming urines at periods ranging 
from 24 to 157 days after the last treatment and none was found 
The twenty-four-hour urines were normal, excepting for pathologic 
pigments m some of the cases 

Patients clinically jaundiced had bile pigment m their urine Bili- 
rubin estimations in the plasma, according to Blankenhorn’s dilution 

method, compared fa^o^ably Mith Gmelin’s tests and the clinical 
findings 

31 Lusk Graham Am J Plnsiol 1 5, 1898 

32 Luthjc, II Arch ge'; Plnsiol 113 547, 1906 

33 Cathcart E P J Plnsiol 39 311, 1909 

34 Chace, A F. and Rose, A R JAMA 69-440 (Aug 111 1917 
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Of the liver cases, those patients with bilirubin in the plasma 
excreted more than twice as much urobilinogen as did those patients 
who were free from jaundice , the nonjaundiced liver patients excreted 
more than twice as much as the well persons Of the cases not asso- 
ciated with disordered livers, the debilitated patients had more than 
twice the urobilinogen excretion of the well persons 

In the twenty-eight liver cases, the rate of excretion of urobilinogen 
was one third greater in the early morning than was the a\erage rate 
during the day 

In the urines, the relative oxidation of urobilinogen to urobilin was 
greatest m the well persons, less in the debilitated persons , about one 
third as much in the nonjaundiced liver patients, and still less m the 
jaundiced liver patients The relative oxidation was greater m the 
early morning than in the twenty-four-houi s specimens 

The patients with toxic jaundice had a marked increase in blood 
cholesterol, the jaundiced patients (being also the severe cases) had 
the greatest increase In the cases not associated with liver disturbance 
the cholesterol value was normal 

Sugar estimations in blood and urine revealed no disorder of carbo 
hydrate metabolism 

Blood creatmin estimations showed no maiked departure fiom the 
normal Uric acid estimations m the blood and urine indicated an 
increased production of this substance 

The values for urea nitrogen are normal in the well persons Of 
the remaining cases, some patients show normal values, but the majority 
are above noimal This seems to be due to the high protein diet and 
deficient physical restrictions placed on these men 

The effect of exercise on debilitated patients seems to decrease the 
excretory power of the kidneys, increase the waste products in the 
blood, and lower the resistance of the liver to toxins This, associated 
with an increase m the diet proteins, is given as an explanation of the 
“delay” m poisoning by arsenobenzol, chloroform, etc Arguments are 
advanced for the adoption of a diet rich in carbohydrate and \ery low 
111 fat and protein in the treatment of syphilis 

CONCLUSIONS 

1 In patients whose livers are damaged by arsenobenzol denva- 
ti\es, an increase of cholesterol in the blood is an early and marked 
sign, it persists after other clinical signs ha\e disappeared, its routine 
estimation may be of value in detecting the onset of luer injury in 
patients under antisyphihtic treatment 
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2 In debilitated patients, the oxidative activity of the urine is 
decreased This decrease is much more marked if the liver is dis- 
ordered In such cases the oxidative activity is gieatest during abso- 
lute rest 

3 Exercise should be restricted greatly during the course of anti- 
syphilitic treatment and for the following few weeks 

4 A diet, rich in carbohydrate and very low in fat and protein, 
should precede, accompany and succeed the administration of arseno- 
benzol derivatives in the treatment of syphilis 

5 Increase of protein in the diet, and of exercise, should be con- 
trolled by the estimation of the urea in the blood 

6 The appearance of toxic symptoms in delayed poisoning by 
arsenic, phosphorus, chloroform, etc , is possibly due to the premature 
increase of protein in the diet, and of exercise in these cases 

We wish to thank Lieut -Col C F Martin, Lieut -Col G S Strathy, Major 
Wallace Wilson, Major W H Tytler and Capt Beverley Hannah of the 
C A M C , for expediting this work, and Prof E P Cathcart and Dr G H 
Paul for suggestions in the preparation of the manuscript 

■^03 East Twentieth Street, Neu York 227 Delatre Street, Woodstock, 
Ontario, Canada 



A CASE OF HEREDITARY DIABETES-^ 

FREDERICK M ALLEN, MD, and J W MITCHELL, MD 

Lakewood, n t 

As the cause of hereditary or familial diabetes is of interest for the 
subjects of both diabetes and heredity, the opportunity was taken of 
making some observations concerning it is one case on the diabetic 
service of this hospital 

REPORT OF CASE 

Faviilv Htstoiv — The family are “poor whites” in a little mountain hamlet 
of South Carolina, and offer three features of special interest for a study of 
heredity First, is the isolation of the community, the absence of immigration, 
and the thorough knowledge concerning their ancestry and relatives for sev- 
eral generations back Second, is the large size of the family, and the remark- 
ably high incidence of diabetes encountered in one generation Third, is the 
fact that before his marriage to the mother of the present family of children, 
the father had had an illegitimate child by another woman, which developed 
diabetes, though that woman and her family were free from diabetes This, 
and the diabetes m the father’s brother, indicated that the diabetic heredity 
came through the father 

Pasonal Hisfoty — Mumps, measles, chickenpox, whooping cough and small- 
pox before the age of 10 years Otherwise healthy, lived the usual life of the 
family, doing mostly faim labor Rather thin and undernourished like the 
others, no dietary excesses, no alcohol, moderate tobacco No trauma Vene- 
real disease or exposure denied 

Present Illness — In 1915 there appeared polydipsia and polyuria without 
polyphagia or other symptoms Sugar was found in the unne, and the diag- 
nosis made promptly, but the patient continued at work without dietary restric- 
tion, feeling well notwithstanding continuous glycosuria Cough began in 1915 
and continued thereafter but was not regarded as serious Fistula in ano in 
November, 1917 In April, 1918, the patient was drafted, sent to a camp, 
examined and passed He said nothing about his diabetes and cough for fear 
of appearing unpatriotic He performed the regular duties of his company, 
which happened to be light and was sent overseas in August In England he 
had to fall out on a three mile “hike” because of backache and weakness, but 
was transported to France and did full duty for three months, till hard march- 
ing wms begun and he again had to fall out He was sent to a field hos- 
pital for supposed heart trouble, where the diagnosis was made but no dietetic 
treatment given There was rapid progressive loss of weight, and he was 
shipped for America in bedridden condition in October, 1918 The ship doctor 
instituted carbohidrate-free diet as far as possible, and the patient improved 
enough during the trip to walk a little After landing, he was on ordinary 
mixed rations for two weeks, and was admitted to this hospital, October 30, 
on a stretcher in critical condition from both weakness and acidosis 

PInstcaJ Exannnation — Extremely w-eak and emaciated patient in early 
stage of coma, but able when roused to answ'er questions Temperature, 99 F , 
pulse, 120 , respiration, 24 , blood pressure, 105/75 , height, 5 feet 11 inches , 
weight, normal’j, 70 kg now 47 kg Teeth in ver^ bad condition with caries 

■‘Trom the Diabetic SerMce, U S Arm\ General Hospital, No 9, Lake- 
w ood N J 
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and pjorrhca, one root abscess Signs of consolidation in apices of both 
Jungs, extending half-wa} down on right side Slight general lymph gland 
enlargement Knee jerks absent Marked mvotoma reaction in muscles Other 
findings negative 

Lahorafoi V —SpMiwn abundant, graj, mucopurulent, thick, but containing 
no tubercle bacilli or elastic tissue Urine albumin negative, acetone and 
diacetic heav>, sugar 1306 gm for twenty-four hours of October 31 Blood 
plasma sugar, 0850 per cent , mtroprussid, verj heavy, carbon dioxid capacity, 
23 6 volume per cent 

T)caimc»t and Fiofincu— The patient entered in the late afternoon, and 
received onI> soup and water to capacity Bj the next morning his condition 
was about the same, though the carbon dioxid capacity had fallen to 21 4 volume 
per cent Fasting seemed safe from the standpoint of acidosis, but in view of 
the serious weakness and tuberculosis, a fat-free diet was begun, of 125 gm 
carbohydrate and 100 gm protein, diminishing gradually to 25 gm carbohydrate 
and 70 gm protein No\ ember 4 No alkali or alcohol was given The urinary 
sugar fell to 4 6 gm and the plasma sugar to 0 5 per cent , the carbon dioxid 
capacity rose to 29 volume per cent , and the general condition was much 
improved Continuous fasting was then necessary from November 5 to 11 
inclusive, to abolish glycosuria The plasma sugar fell to 0189 per cent, the 
carbon dioxid capacity rose to 40 volume per cent , and the mtroprussid reaction 
almost disappeared from the plasma and urine It is noteworthy that during 
this tune the patient’s strength increased greatly, and the cough and sputum 
markedly diminished When it was attempted to give a fat-free diet of 25 gm 
protein and 5 gm carbohydrate, glycosuna promptly returned In order to 
bring down the blood sugar and build up tolerance, a three-day fast was 
imposed, followed by a diet of nothing but 20 gm protein, increased gradually 
to 60 gm November 24 The plasma sugar was then brought to 0 105 per 
cent November 30, while all signs of acidosis were absent, and the plasma 
carbon dioxid remained continuously at a high normal level (60 to 70 volume 
per cent ) thereafter Ten gm carbohydrate was then added, with fat to raise 
the total calories to 800 With a gradual increase, broken by occasional single 
fast-dajs, by December 19 the patient was taking 80 gm protein and 50 gm 
carbohydrate, a total of 1,200 calories Owing to a tendency to slight hyper- 
ghceniia, the carbohydrate was reduced to 30 gm January' 7 

A^bout this time was the stage of maximal improvement lasting about two 
months The patient walked to towm daily and spent much of each day' in the 
open air His hunger was fairly well satisfied by a bulky diet, and he took some 
real pleasuie m life The lowest weight during the rigorous undernutrition 
was 46 kg Subsequently, there was a rise as high as 486 kg Invisible water 
retention is a possible element in such a gain Continued improvement was 
impossible in the presence of twm factors, one, the tuberculosis, wdneh w'as 
at a hopeless stage cien for a non-diabetic , the other the patient's ignorance 
and unreliability so that he began to break diet frequently as he felt better 
In February, on this account the diet was raised to 1,500 calorics, though 
hiperghcemia, without glycosuria but with traces of mtroprussid reactions, 
was the necessary result ^ 

During this optimum period the cough and other symptoms of tuberculosis 
were almost absent, but physical examination indicated a steady ad\ance of 
the process Gradualli, subacute attacks of cough and pleuritic pain came, 
lasting a few days each time Later a moderate pleural effusion appeared on 
the left Side, 10 cc of fluid withdrawn with a syringe was clear, sterile poor 
m cells and contained 0 178 per cent sugar Sputum examinations remained 
negatne until April a. alter which tubercle bacilli were constantly present 

During the entire time special attention was paid to the question of pos- 
sible syphilis Massermann tests of the blood and spinal fluid in this hos- 
pital In Capt Cvriis Field and Lieut J W Sherrill, with yarious combina- 
tions ol scrum and antigens were negatne Inactnated serum sent to St 
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Luke’s Hospital, New York, was reported negative by Dr L W Famulener, 
also a sample sent to the Peter Bent Brigham Hospital, Boston, was found 
negative by Dr Charles Walker Serum and spinal fluid were both reported 
negatne by the Army Medical School, Washington, and by Dr B A Thomas 
of the Philadelphia Polyclinic, the latter mentioning the use of s>phihtic, cho- 
Icstermized and acetone insoluble Iipoid antigens The only exceptional findings 
were a single positive reaction in the serum obtained by Lieut H T Hyman 
m this hospital, who in an immediate repetition faded to confirm it, and a 
positive report by Dr C C Warden of Ann Arbor, Mich, who used a special 
modified method The globulin test and cell count of the spinal fluid were 
normal Careful examinations by the medical and genito-unnary staffs revealed 
no signs of either acquired or hereditary syphilis, and likewise nothing sus- 
picious was found in specialized dental and nose and throat examinations 
Clinical and Wassermann examinations were also uniformly negative in the 
other individuals of the family as shown in the table 

Acknowledgement is due to the local Red Cross for paying the expenses of 
several visits by the relatives, wdiich not only were a great comfort to them 
and the patient but also afforded the opportunity of extending the investigation 
to all members of the family 

As the tuberculosis became the dominant element in the condition, the diet 
W'as slightly relaxed and fast-days omitted, but the average of total calories 
W'as ahvays kept below' 2,000, not on account of any diabetic danger, but in 
order to avoid the great lowering of resistance w'hich results from unchecked 
diabetes Glycosuria was permitted occasionally during March, and constantly 
during April The lowest weight was 44 kg without edema, indicating that 
the emaciation had been controlled better than by the usual over-feeding 
program May 9 the patient w'ent into what seemed to be normal sleep, and 
died a,pparently from w'cakness within two hours The blood plasma analyses 
are shown m Table 2 

TABLE 2 — Btoon Plasma Analyses on the Final Dais 


Date 

Sugar, 

per 

Cent 

Mtroprussld 

CO- Capac 
it>. Volume 
per Cent 

Mni -1 


Heavy 

57 9 

Maj ’■) 1 


Hcavj 

55 1 

Maj (> ' 


Moderate 

C2 3 

JInj 7 

OGOO 

Slight 


Mai S 

0 40’. 

Paint 

70 0 

Mill 9 

0 041 

>epatii c 

Vfi Y 


The clearing of sugar and acetone W'as not explainable by the diet as the 
patient ate and apparently digested 60 gm protein, 20 gm carbohydrate and 
1,800 calories regularly up to the day of death It did not indicate improve- 
ment m the diabetes, but w'as evidently a terminal phenomenon of exhaustion 
such as IS familiar m dogs The fact that dogs with severe phlondzm or 
diabetic acidosis may become free from acetone bodies at the end is one 
argument against these substances as the cause of death Malnutrition and 
tubercular intoxication furnish sufficient reasons for death m the present case, 
without the necessity of assuming any unknown causes of coma 

NECROPSY 

The necropsy was performed immediately, as necessary for the proper stud> 
of diabetic pathologj The gross necropsy was performed by Lieut J W 
Sherrill 

Both pleural membranes were greatlj thickened and adherent, except at 
the bases, where there was about 300 cc of clear fluid on each side The 
lungs were mostlj air-containing without massive consolidation, but cavi- 
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ties ranging in size from a pea to a tvalnut, Avith Avell formed walls and full 
of thick jellow pus, were scattered throughout both, and they were also 
riddled A\ith small solid tubercles of pinhead to pea size The abdomen con- 
tained about 300 c c clear fluid and very little fat The mesenteric glands 
were rather prominent but not caseated The liver weighed 1,200 gm and was 
normal and free from visible tubercles The gall bladder contained about 
50 c c clear j ellow bile and appeared normal The spleen weighed 125 gm 
and contained no visible tubercles or changes in parenchyma The pancreas 
was pale, but normal in size, shape and consistency' The kidneys together 
w eighed 300 gm and appeared normal throughout Stomach, intestine, adrenals 
and testicles normal The skull was not opened 

Microscopic Examinations — Specimens of the tissues in absolutely fresh 
condition w’ere taken in formaldehyd and in Zenker solutions, and were sent 
to Dr J Ewing, New York, Dr F B Mallory, Boston, and Dr A S Warthm, 
Ann Arbor, to whom thanks are due for their courtesj”^ in studying the mate- 
rial Professor Warthin’s report on the organs in general is summarized 
as follows 

Liver Brown atrophy , passive congestion , very young miliary tubercles , 
small celled infiltration of some of the islands of Glisson 

Gallbladder Chronic catarrhal cholecystitis, slight 

Kidneys Congestion, cloudj swelling, no glycogen vacuolation of the 
loops of Henle 

Retroperitoneal Lymph Nodes Chronic lymphadenitis, numerous miliary 
tubercles In the hilum of the lymph glands and through the retroperitoneal 
fat mani xanthelasma cells Some of the primitive fat lobules completely 
converted into a lobular organ of these The ordinary fat tissue shows marked 
serous atrophy w'lth proliferation of the endothelial and stroma cells 

Spleen Marked congestion, atrophy of the lymphoid tissue, stroma is 
increased and there is an endothelial cell proliferation m the sinusoidal spaces 
Some of these cells show vacuolation 

Lungs Congestion , edema , atelectatic and emphysematous areas , one 
voting tubercle 

Bronchial Nodes Contain many miliary tubercles 

Suprarenals Hypoplasia of the medulla and lipoidosis of the cortex 

Testes Simple atrophy, no orchitis 

Heart Muscle Simple atrophy and fatty infiltration , serous atrophy of 
the fat, no myocarditis, fatty degeneration 

No evidences of SAphilis 

Ml Letaditi preparations negative 

Specimens of the aorta Avere unfortunatel}' omitted from the tissues sent 
to Dr Warthm, but Avere included among those sent to the others All three 
pathologists Avere agreed concerning the complete absence of syphilitic changes 
in all Aiscera 

The pancreas calls for special notice A report Avas received from Warthm, 
three slides from Mallory and tAvo from EAAing The general appearance 
AAas more or less atrophic The acini Avere mostly small, shrunken and nearly 
emptA but the acinar arrangement Avas ahvaA's preserved, a little zymogen Avas 
eAerAAAhere present, and there Avas noAvhere any actual involution These 
aopearances belong merely to inanition They Avere mentioned by Warthm, 
and present in marked degree in EAAing’s slides, AA’hile in Mallory’s slides 
the ZAinogen AAas more abundant and the acini practically normal Warthm 
also mentioned some dilated and some hypertrophic acini MTiere the acini 
AAcre shrunken the fibrous elements as usual AAere relatively more prominent, 
but there aaus no definite fibrosis found in the acinar tissue The folloAvmg 
leatures ot the islands maA be noted A umber — FeAvness of islands Avas men- 


1 RemoAal of the pancreas AAas the first step m the necropsy, and Aveigh- 
ing of it AAas omitted in the interests of quick fixation 
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tioncd by Warthin, and tbcj were noticcablj few and small in four of the 
five slides mentioned In one slide from Mallorv islands were fairly abun- 
dant and a few w’crc so large and irregular as to suggest hypertrophj' There 
was nowhere seen any such scarcitj as to suggest congenital deficiencv of 
island tissue as the cause of the diabetes (b) Fibrous and hyalin changes 
None such were mentioned b\ Warthin or Mallorj, or observed in the Mallorv 
slides Ewing’s slides showed slight distinct fibrous thickening of the capil- 
lary network of all islands, with small hvalin deposits in main of them (c) 
IVeichsclbamn’s “aUophy ” — This was not mentioned b> Warthin or Mallory, 
and the island cells appeared normal in the slides received from ^Mallorv In 
Ewing’s slides the cells in the great majoritv of the islands appeared abnor- 
mally small, with dense and shrunken cytoplasm and nuclei This change mav 
have been specific and significant in this instance, along with the slight fibrosis 
of is’ands, or may merely have been part of the atrophic appearance of the 
general parenchyma (d) Hydropic degcnciation — No vacuolation of islands 
was reported by Warthin, though he mentioned it in tissue from another case 
sent at the same time None was found m Mallory’s slides or in the great 
majority of islands in Ewing’s slides But a few islands in the latter were 
composed almost wholly of swollen cells showing the typical hy'dropic vacuola- 
tion in marked degree 

DISCUSSION 

Incidental mention may be made of the treatment and its results 
Obviously, the combination of advanced diabetes and advanced 
tuberculosis was hopeless The outstanding fact is the marked improv e- 
ment m the tuberculosis as w'ell as the diabetes under diet treatment, 
e\en though this involved undernutrition In this extreme condition, 
complete fasting was imposed foi a week, followed by very low diets 
chiefly of protein, so that over a month was occupied m a gradual 
increase up to 1,200 calories Gam in strength and resistance to infec- 
tion was evident during this time Life was extended for six months 
As a lesson for the treatment of milder tuberculosis or prophylaxis 
against it and otlier infections in diabetics, the experience indicates that 
the best success will be attained with restricted diets which control the 
diabetes, rather than by attempts at over-feeding It also corroborates 
other observations that thoroughly treated patients not only live longer 
but are at the same time more comfortable 

The principal feature of interest is the diabetic heredity The fre- 
quent occurrence of diabetes m certain families is well known, gen- 
erally as a more or less heavy sprinkling of cases through sev^eral 
generations, but sometimes apparently as a sudden visitation on a single 
generation out of a clear heredity Examples are cited in Joslin's and 
earlier textbooks, and tw o cases and a bibliography is given in a paper 
by Foster- The newer ideas of the usual infectious origin of diabetes 
makes it probable that some cases are strictly accidental and without 
hereditary influence Therefore, in addition to the great theoretical 
interest, there is much practical importance m this point with reference 
to the frequent question whether diabetics should marry or hav'e chil- 


2 Foster, X B Bull Johns Hopkins Hosp 23 54. 1912 
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dren For a fuller discussion and outline of other investigations by 
one of the present writers, refeience may be made to Chapter 8 in 
Rockefeller Institute Monograph No 11 The observations in the 
present case may be classified as they pertain to hereditary characters, 
the pathology, and infections 

1 Ho edity — (a) General conditions The table shows the ancestry 
beginning with the grandparents of the present children In the light 
of their experience with diabetic symptoms, the mother and older chil- 
dren V ere positive from diligent inquiries among all their oldest relatives 
that nothing of the sort had been known m the family up to this time 
The first known case was in a brother of the father The death of the 
father from apoplexy may indicate nephritis, but this at the age of 61 
may carry no great significance As the family were very ignorant, 
the occurrence of mild diabetes or other organic diseases among some 
of the ancestors in their later years is not fully excluded, but the testi- 
mony goes far to exclude any severe or obvious diabetes and to estab- 
lish long life and health as the rule among them There was no history 
of inbreeding It may be added that obesity, sedentary life, high 
civilization and education, nervous strain and similar reputed causes 
of diabetes were unknown among them , also their diet was frugal and 
simple, containing little sugar, fair quantities of cornmeal and wheat 
flour, adequately balanced with meat and vegetables from their own 
farms 

(b) Accompanying characters The grandparents on both sides 
represented a combination of light and dark individuals The pure 
blond character of the maternal grandfather was dominant over the 
brunet color of his wife Both these grandparents were notably tall, 
but the mother of the present children was exceptional among hfer 
brothers and sisters for her shortness The colors of the paternal 
grandparents blended to produce offspring characterized uniformly by 
black hair, dark complexions and blue eyes The first known case of 
diabetes occurred among this generation of mixed coloring The father 
of the present children was taller than the mother, but his family 
a\eraged shorter than the mother’s family 

Little concerning the heredity of the present children can be eluci- 
dated from their height Four of the diabetic children (No 2, 3, 4, 5) 
resembled the father in being blue eyed brunets One such child (No 
11) has thus far escaped diabetes, according to his glucose test The 
illegitimate child was a pure blond like his mother, but nevertheless 
became diabetic Two of the present children were classifiable as 
blonds like their mother except for their hair, which showed a partial 
influence of the father in being brown To date, the children having 
full resemblance to this mother, including her flaxen hair (Nos 1, 7, 9, 
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10, 13) have been free from known diabetes Every rule of association 
of diabetes with other characters, therefore, has exceptions, though it 
can be said that all of the legitimate children who most closely resembled 
their mother ha\e escaped diabetes Also, m general, the fathers 
influence was most pronounced among the earlier children, and these 
up to No 6 (except No 1, who died at 12 years from a fall) all 
developed diabetes The later children showxd less influence from the 
father in general and correspondingly less diabetes As the father w^as 
about ten years older than the mother, there may be a question wdiether 
advancing age had anything to do with his loss of dominance 

(c) Unit inheiitance The above record shows certain characters 
of complexion, etc , sometimes transmitted as units and sometimes more 
or less blended It may be inquired wdiether the diabetic disposition 
behaved as a mendehan unit or was blended so as to produce varying 
grades of carbohydrate tolerance This bears relation to the practical 
question wdiether all children of a diabetic family observe precautions 
in diet or whether some may enjoy the liberty of normal persons It is 
clinically well known that some members of diabetic families do indulge 
in unlimited gluttony and still escape diabetes, but it is not established 
wdiether the danger from such practices is greater to them than to oth'er 
persons The glucose tolerance tests revealed one case of incipient 
diabetes m this family (No 4), and this individual received the benefit 
of early instructions m dietary care It is an open question how early 
in his life the test would have indicated such an abnormality, whether 
the diabetic tendency w^as congenital or began wuth a pancreatitis Of 
the two tests taken at the half-hour interval after the dose (Nos 7 
and 9), it is noticeable that both show'^ distinctly high values (0 192 and 
0 200 per cent) , but general experience by no means justifies the sus- 
picion of diabetes m persons showing such figures when the results m 
the subsequent samples are normal If there is any diabetic tendency 
or need for carbohydrate restriction in any of the children other than 
No 4, these tests do not reveal it Tw'o facts from animal experiments 
merit consideration in this connection First, the proportion of pan- 
creas wdiich must be removed to cause diabetes varies from about 
seven-eighths or nine-tenths in the.dog to about four-fifths in the cat, 
and \ery laige fractions, fully tw'O-thirds in the dog, must be remo\ed 
to produce any demonstrable low^ering of carbohydrate tolerance The 
margin of safety in the human pancreas is unknown, but is presumably 
large, so that possibly the loss of from one-half to tw’o-thirds of its 
islands or a corresponding functional deficiency might be undetected 
in tolciance tests and yet be important as narrowing the margin of 
safetj, 1 he second is that in animals the division point between dia- 
betes and Its absence is sharp and definite, and may be represented 
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b> onl}- a fraction of a gram of pancreatic tissue Up to this point 
no matter how low the tolerance, the production of diabetes is impos- 
sible by carbohydrate excess m an) degree or duration After removal 
of the additional bit of tissue, though the tolerance may appear little 
changed, the animal is potentially diabetic and its fate thenceforth is 
governed by the diet The deduction from this is that diet may aggra- 
vate but never actually produce diabetes, that no matter how narrow 
the margin of safety, diabetes can result only from some infection or 
other further injury of the pancreas, and that carbohydrate restriction 
is unnecessary unless diabetes is already present In animals, the ready 
assimilation of sufficiently large quantities of sugar suffices to demon- 
strate the absence of diabetes and the harmlessness of carbohydrate 
feeding, but in them the pancreatic islands are normal in character 
and only artificially reduced in quantity The pathology of human 
diabetes as far as now known is against such a simple quantitative 
explanation and requires the assumption of functional defects in the 
islands It is therefore not possible to say with certainty that the 
normal outcome of a glucose tolerance test proves that the pancreas 
of an hereditarily predisposed individual can carry a heavy burden on 
its endocrine function indefinitely without breaking down 

2 Pathology — (a) Methods Simple methods, namely, Zenker 
fixation, paraffin sectioning, and staining with eosin and methylene blue 
or hematoxylin, are sufficient for all purposes except special investiga- 
tions requiring differentiation of alpha and beta cells in the islands 
The reasons why pathologists have generally observed only the struc- 
tural alterations and missed the finer specific changes described as long 
ago as 1901 by Weichselbaum,^ are chiefly two First is the failure 
to obtain sufficiently fresh tissue Immediate necropsy, with removal 
of the pancreas as the first step, is the best procedure Though the 
rate of autolysis varies widely, specimens more than a' few hours old 
are seldom satisfactory The freshness of animal tissues, where even 
agonal changes are avoided, is one reason why the changes seen in 
them are so much more distinct Second is the failure to study a 
sufficient number of sections Specimens should be taken in separate 
bottles from the different portions of the gland, and a negative report 
IS not justified unless several dozen slides, representing several differ- 
ent blocks from each portion, have been thoroughly searched The 
differences found by Bensley * even between adjacent areas of normal 
pancreas are more marked in pathologic material, and the most accurate 
description of a few slides may be misleading 

3 Wcichselbaum, A , and Stengl, E Wien klin Wchnschr 14 968 1901 , 
15 969, 1902 Weichselbaum, A Sitzungsber d kais Akad Wissensch 119 
73, 1910, Wien klin Wchnschr 24 153, 1911 

4 Benslcj, R R Am J Anat 12 297, 1911 
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(b) Cellular exhaustion In milder diabetic cases the functional 
overstrain is seldom rapid and intense enough for positive anatomic 
demonstration In severe cases i\ ith unchecked symptoms, the hydropic 
degeneration of Weichselbaum and Stangl is seldom missed in a thor- 
ough search of fresh matenal Anyone interested can easil}' convince 
himself with animal experiments that this change represents anatomic 
destruction of island cells by functional overstrain The severest dia- 
betes, if thoroughly controlled by diet, never shows hydropic degenera- 
tion, and the strongest argument for thorough treatment is that it 
actually prevents this form of progressive destruction of islands Less 
thorough dietetic control gives corresponding anatomic pictures This 
patient had had moderate glycosuria for some weeks before death, 
accordingl}, visible exliaustion of island cells was not widespread but 
could be found by search 

" (c) Structural abnormalities No structural changes of the pan- 
creatic parenchyma have ever been found stnctly specific of diabetes, 
though fibrosis and hjaline transformation of islands are highly sug- 
gestive and in their most pronounced grades must entail diabetes The 
variable pictures in tlie human pancreas can by sufficient care be dupli- 
cated in animal experiments, where an acute aseptic inflammation giv es 
nse to diabetes The production of considerable fibrosis without dia- 
betes is readily comprehensible ; but what has not been generally appre- 
ciated in clinical pathologj’’ is the nearly perfect structural repair which 
can be attained after an acute pancreatitis has actually caused diabetes 
Even though the fibrosis or other visible lesions at autopsy be slight, 
they may assume much importance as vestiges of a former severe 
inflammation, or on the other hand as evidence of a low grade chronic 
toxic injury Even a normal pancreatic structure with diabetes could 
receive a rational interpretation through the above experiments, though 
as a matter of fact, the extensive clinical senes on which these gen- 
eralizations are based has included no diabetic pancreas actually free 
from signs of infectious or toxic injurv' The evidence in the present 
case IS indecisive, because the slight sclerosis of islands might con- 
ceivably be due to the toxins of tuberculosis subsequent to the begin- 
ning of diabetes Nevertheless, the findings fall within the terms of 
a previous statement, that the pathologv* of hereditaiy- diabetes 
resembles tliat of diabetic cases m general - The ev idences of inflam- 
matorv or toxic injurv- are the same, and the problem of heredity is 
not one of direct transmission of diabetes or anatomic lack of islands, 
but rather of liability to certain forms of pancreatic injury or the con- 
sequences of them 


5 Rockefeller Institute Moiiograph No II Chapter 8 
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3 Infection — (a) Theoretical status The few earl} suggestions 
of diabetes as a communicable disease ^^ere baseless, and interest and 
clearness concerning it as the consequence of infectious injur}' of an 
endeenne organ may be said to date from the pronouncement of 
Wooa}att^ S\philis as a cause of diabetes ^^as especially emphasized 
D\ Warthm® Cases of diabetes apparent!} due to acquired s}philis 
are Known to most clinicians and furnish support for the general con- 
ception of the infectious etiolog}' The clinical e\'idence for hereditar}' 
lues IS less definite, but the charactenstic pancreatitis of syphilitic 
fetuses and infants furnishes some presumptne support Certainly 
most pancreatitis and most diabetes is not syphilitic Organisms of the 
streptococcus group, so strongly stressed by the Rosenow school, are 
probably responsible for man} more cases but it is not proxed that 
they hold any monopoly The organisms of pneumonia, mumps, 
txphoid and other diseases, as well as staphylococa and colon bacilli, 
appear clinically as causes of diabetogenic lesions It seems reason- 
able that man} such cases are strictlx accidental and u ithout hereditary 
origin or influence 

(b) General diseases The apparentl} sudden occurrence of dia- 
betes ana apoplexy in a certain generation, followed by widespread 
diabetes in the next generation and especially the transmission through 
tne father to both illegitimate and legitimate oltspnng, brought this 
case preeminently under the suspicion of syphilis Accordingly, this 
question receued attention and it can be said from clinical and blood 
studies of the family, clinical and Wassermann examinations (blood 
and spinal fluid ) of the patient, and from the gross necrops} , the 
microscopy of the tissue and stains for spirochetes, that s}philis w'as 
absent Malaria, hookv. orm and pellagra were also considered and 
excluded It is conceivable that one or more of the childhood diseases 
w hich this patient passed through might hax e caused pancreatic injury', 
especiall} in a predisposed individual followed by functional deterior- 
ation and the outbreak of diabetes years later but such an idea here 
is merely speculatix e 

(c) Local diseases. Owing to the excellent efficiency and coopiera- 
tion ot the "various services of the hospital, it was possible to ha\e 
roentgenograms of the patient's teeth and special examinations b} the 
dental exe ear, nose and throat, genito-unnaiy' and surgical services 
m addition to the medical service Except for dental canes and pyor- 
rhea endentl} due to diabetes and neglect, nothing was found which in 
the opinion of anx of the consultants could haxe served as a focus of 
intection or intoxication to gixe rise to the diabetes The microscopic 
patho’og}' XX as discussed aboxe m relation to the etiology through infec- 

6 Viood}ztt R. T -Aostract of Proceedings of Seventh .Annua’ Meeting 
o* .Amencan Societv for .Advancement of Oinical Investigation, 1915, p 25 
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tious or toxic injury of the pancreas, but no reason was found for the 
susceptibility of this patient or others of his family to such injury 
The bile and jiancreatic passages w'ere clear, and the localization of 
the lesions in the islands suggested an origin not through the ducts, 
but through the blood stream ITvo hypotheses might suggest them- 
selves, namely, that the diabetic predisposition might consist merely 
in a liability to low" grade septicemia or toxemia (which w"Ould be con- 
venient to explain the association of diabetes, nephritis and other endo- 
crine disorders in different members of a family), or on the other hand 
that the slight changes in this pancreas w"ere not primary or etiologic, 
but purely secondary to the tuberculous and mixed infection of the 
lungs The chronic lymphadenitis might harmonize w"ith either of 
these \iew"s, neither of w'hich can be disproved in this case, but the 
negative findings in most of the viscera here, and the numerous cases 
of diabetes w"ithout other diseases, w'ould seem to indicate a special 
vulnerability of the endocrine pancreatic structures in this family 
Rosenow'’s theory of a specific and heritable lack of resisting powei m 
certain organs against certain micro-organisms would explain such a 
condition Some anatomic peculiarities falling under the more ortho- 
dox conceptions of heredity, for example, a circulatory apparatus 
faulty either structurally (in the vascular supply or the position of the 
organ) or functionally (through the nerve supply) might predispose 
to infectious or toxic injury, and the latter assumption might revive 
the old hypothesis of the nervous etiology It is only possible at 
present to state the facts of pancreatic damage in hereditary cases 
and leave the explanation to the future ' 


SUMMARY AND CONCLUSIONS 

1 One of the patients in the diabetic service of this military hos- 
pital came of a family in w'hich seven out of fourteen children of one 
father (one by one w"oman, thirteen by another w'oman) w'ere diabetic 
In addition to the treatment, clinical and pathologic studies w"ere carried 
out m the attempt to throw" light on the hereditary feature of the 
condition 

2 The patient w"hen received w"as in the later stages of diabetes 
and tuberculosis, with dangerous acidosis, emaciation and w"eakness 
In consequence of a week of fasting and a month of extreme under- 
nutrition, he became able to tolerate diets between 1,500 and 2,000 
calories w"ithout glycosuria or acidosis, show"ed improv ement in strength 
and lung symptoms, and lued six months This result in a case of 
this se\erit> adds to the evidence that the combination of diabetes and 
tuberculosis is best treated by a diet which controls the diabetes 


/ 

\ S 


U r Am J M Sc 152 157,1916 
The Harve\ Lectures 13 1917-1918 


Warthin, 


660 


ARCHIVES OF INTERNAL MEDICINE 


3 Clinical examinations of the patient and his family for general 
or focal infections, including clinical and serological examinations for 
syphilis, were negative Glucose tolerance tests afforded an early 
diagnosis of one of the above-mentioned seven cases of diabetes, but 
uere negative m the mother and remaining children 

4 The gross and microscopic pathologic findings served further to 
exclude syphilis, and were characteristic of tuberculosis The pancreas 
showed changes of two types, namely, occasional hydropic degenera- 
tion of islands, which is the result of functional over-strain, and slight 
fibrosis and hyalin formation in islands, which may indicate infectious 
or toxic damage as the cause of the diabetes 

5 In general, the diabetic heredity, which apparently came through 
the father, was manifest in the children who most resembled him in 
coloring of complexion, eyes and hair, but the rule was not absolute 
As far as glucose tolerance tests could decide, the diabetic tendency 
was inherited as a unit character and the tolerance of the remaining 
children was apparently normal , but this evidence is not decisive, partly 
because of the limitations of this test m revealing pancreatic deficiency, 
and partly because the tendency might consist in a susceptibility to 
infectious or toxic injury, which might yet appear m the other children 
if the proper organism gained access This case conforms to the gen- 
eral rule that signs of infectious or toxic damage are found similarly 
in hereditary and other cases of diabetes The reason for the peculiar 
liability to diabetogenic injuries of the pancreas in certain families is 
undetermined 


/ 



PREVEXTIOX OF SIMPLE GOITER IN MAN 

i OU«TH I'APUt 

DAVID MARINE ami O P KIMBALL 

< 1f\U A'-'D 

In previous publications’ we have outlined the plan of prevention, 
pre'^cnicd the data of the incidence of thyroid enlargements as 
determined by annual surv'^cys of all new pupils in the Akron public 
schools, and the results of the prophylatic use of sodium lodid for 
nineteen months The present paper deals with the data obtained at 
the fourth general examination made Octobei 13-17, 1919, together 
wuth summaries and conclusions based on observations extending over 
a period of thirty months 


AXALvsis or Tin: records or m:w' pupils 

The general data of the clinical condition of the thyroid gland are 
given in Table 1 For compaiison and reference the figures for the 
three previous examinations are also gn^en 

The pupils included in this table arc new admissions to all grades 
from the fifth to the twelfth, inclusive, and presumably had not pre- 
viously received lodin The figures in the first line represent the results 
of the original survey of all girls in grades from the fifth to the twelfth, 
inclusive The figures in the second line include (1) incoming fifth 
grade girls, (2) girls entering grades above the fifth grade, and (3) 
girls of two schools that accidently lost the records of those not taking 
the treatment The figures in the third and fourth lines include O) 
incoming fifth grade girls and (2) girls entering grades above the fifth 
The progressive increase in the percentage of normal thyroids (43 6, 
47 0, 55 4 and 65 4) and the corresponding progressive decrease in the 
percentage of enlarged thyroids whether taken together (56 4, 53 0, 44 6 
and 34 5) or as separate groups (slightly enlarged, moderately enlarged 
and markedly enlarged) arc due to the increasing preponderance of 
fifth grade girls in the second, third and fourth groups This is also 
shown in Table 2, where all new pupils are grouped according to ages 
Fifth grade pupils average from 10 to 11 years of age, and approxi- 


♦Eroin the Department of Expeninental Medicine, Western Reserve 
UnivcrsUj 
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TABLE 1 — A\\h\sis of the Records of New Pupils 
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TABLE 2 — Summary or Age Incidence — New Pupils 
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TABLE 3 — Rllation or Age to Ih'vroid Condition — New Pupils — 1917 
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TABLE 4 — Relation of 

Age to Thnroid Condition — New Pupils — 

1918 
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mately 95 per cent are included m the age group from 10 to 12 Details 
of the relation of age to the clinical condition of the thyroid are given 
in Tables 3, 4 and 5 

TABLE 5 — Relation of Act to Thvroid Condition — New Pupils — 1919 
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TABLE 6 — ANAr\sis of Records or New Pupils — Negroes — 1919 
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Normal 
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38 3 

3 
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1 

10 0 

1 

7 0 

1 

23 0 


For reference and comparison the original sur\ey of all pupils 
(April, 1917), IS given in Table 3, while in Tables 4 and 5 are given the 
results of the surveys of new pupils for 1918 and 1919, respectively It 
should be emphasized, that in the 1917 examination, 43 9 per cent of 
the girls in the 10-12 years age group had enlarged thyroids, that in 
the 1918 examination 35 8 per cent had enlarged thyroids , and that 
in the 1919 examination 23 2 per cent had thyroid enlargements This 
IS important from the standpoint of the age at which the phophylactic 
treatment should be started When this work was begun, no data of 
this kind were available, and the fifth grade was arbitrarily chosen as 
the lower limit, because our limited facilities made it necessary to con- 
fine our efforts to what seemed to be the most important age periods 
We have seen only forty instances of moderately enlarged glands and 
no instance of marked enlargement m the 10-12 years age group, and 
as very striking therapeutic effects are seen in these slight hyperplasias 
It makes little difference in the ultimate result If, ho\\e\er, one had 
to depend entirely on prevention it \\ould be necessary to begin at an 
earlier age 
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There appears to be no noteworthy difference in the incidence of 
thyroid enlargements between white and colored children The data 
are, however, insufficient for any definite conclusion The data on the 
tu enty-seven colored children are given in Table 6 

EFFECT or PROPHYLACTIC TREATMENT 

The prophylactic treatment as carried out for the past two yeais 
consists of the administration of 2 gm sodium lodid, given m 0 2 gm 
doses daily, for ten consecutive school days, repeated each spring and 
autumn The general data of tliose pupils not taking the treatment are 
given in Table 7, and of those taking the treatment in Table 8 Only 
pupils with two or more consecutive examinations have been included 
m the tabulations A considerable number of pupils, both taking and 
not taking the treatment, have been omitted because they missed one 
examination, although otherwise their records were complete Two 
thousand, three hundred and five pupils are included m the tabulation 


TABLE 7 — Record of Pupils Not Taking Prophylactic Treatment 
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00 
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of those not taking treatment, and 2,190 in the tabulation of those tak- 
ing treatment Further, it was necessary to tabulate the results with 
reference to the length of time under observation As the prophylactic 
treatment was given at intervals of six months, we have used this 
interval as the unit and grouped the pupils according to the periods 
under observation, 6, 12, 18, 24 and 30 months respectively Only the 
results of three groups (normals, slightly enlarged, and moderately 
enlarged) are included because the fourth group (markedly enlarged) 
IS too small A comparison of the two tables brings out striking differ- 
ences between those not taking and those taking lodin These differ- 
ences are manifested both in pievention of enlargement and in a 
dca case in the size of existing enlargements, i e , therapeutic effect 
Prevention — This effect is shown in the columns marked 
“unchanged” and “increased ” Taking the totals for the five six month 
periods (Table 9) the following results were obtained Of those that 
were normal at the first examination and did not take lodin, 347, or 
27 6 per cent , have enlarged thyroids, while of those that w'ere normal 
at the first examination and took lodin as outlined tw^o, or 0 2 per cent , 
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have enlarged thyroids These two instances of enlargement were 
investigated The first pupil, M T , age 16, had her thyroid examined 
and classified as normal May 2, 1917, Oct 17, 1918 and Dec 3, 1918 
At the examination Oct 15, 1919, it was classified as slightly enlarged 
This girl had taken 2 gm of sodium lodid during each of the five pos- 
sible periods. May, 1917, November, 1917, May, 1918, December, 1918 
and May, 1919 A special examination was made Jan 13, 1920 The 
enlargement of the thyroid was verified The enlargement was acquired 
as opposed to congenital, as shown by the absence of a pyramidal 
process or thyroglossal tract The tonsils were markedly enlarged, 
nearly meeting in the midline when the mouth was widely opened 


TABLE 8 — Record of Pupils Taking Prophylactic Treatment 
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TABLE 9 — Summary — Records of Pupils Taking and Not 
Taking Prophylactic Treatment 
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They were abnoimally hyperemic, and on direct questioning the pupil 
stated she was subject to recurrent tonsillitis There was also slight 
enlargement of the lymphoid tissue at the base of the tongue and in 
the nasopharynx The general impression was that of a neurotic indi- 
vidual with general lymphoid hyperplasia 

The second girl, aged 15, had her thyroid first examined and classi- 
fied as normal Nov 27, 1918 At the examination Oct 16, 1919, it was 
classified as slightly enlarged This girl had taken 2 gm sodium lodid 
during each of the two available periods, November, 1918 and May, 
1919 A special examination was made Jan 13, 1920, and the thyroid 
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enlargement was verified Careful inspection revealed the presence of 
Hutchinson teeth, depressed nasal arch and interstitial keratitis We 
considered the case one of neglected congenital syphilis 

Passing to Group 2, or those classified as having slightly enlarged 
thyroids at the first examination, it is seen among those not taking the 
prescribed treatment that 127, or 13 3 per cent , underwent further 
enlargement, while of those taking the prescribed treatment, three, or 
0 3 per cent , underwent further enlargement Two of these three 
pupils were again examined Jan 13, 1920 One, R R , aged 14, was 
examined May 2, 1917, Oct 12, 1917 and Nov 26, 1918, and the thyroid 
classified as slightly enlarged, and at the examination Oct 16, 1919 the 
gland was classified as moderately enlarged This girl had taken the 
prescribed treatment only during the last three available periods. May, 
1918, November, 1918 and May, 1919 A special examination was 
made Jan 13, 1920 and the thyroid enlargement verified In this case 
also the tonsils w'^ere enlarged and the seat of recurrent infections 
The second case, V S , aged 11, was examined Oct 22, 1917 and Nov 
27, 1918 and the thyroid classified as slightly enlarged At the third 
examination, Oct 16, 1919, it w^as classified as moderately enlarged and 
the special examination Jan 13, 1920, verified this finding This girl 
had taken the prescribed treatment during the four available periods. 
November, 1917, May, 1918, December, 1918, and May, 1919 Super- 
ficial inspection failed to receal the existence of any associated 
pathologic condition as w^as found in each of the first three cases 
mentioned The fifth girl w'as not present for the special examin- 
ation These five cases are the only instances out of 2,190 pupils tak- 
ing lodin that show^ed enlargement For the group wnth slightly 
enlarged thyroids taking lodm, 447, or 41 9 per cent , remained 
unchanged, wdiile of those not taking lodin, 698, or 72 8 per cent , 
remained unchanged 

Passing to the third group, or those classified as having moderately 
enlarged thyroids at the first examination, it is seen that of those taking 
lodin, t\venty-nine, or 20 3 per cent , remained unchanged, wdiile of 
those not taking lodin, fifty-seven, or 64 0 per cent , remained 
unchanged, of those taking lodm none increased, wdiile of those not 
taking It, tw'enty-one, or 23 6 per cent , increased 

Cm ative oj Thei apeutic E^ect — Although of secondary importance, 
the results are just as striking as those above described under pre- 
vention These results are showm in the column marked “decreased 
Of those pupils whose thyroids w'ere classified as slightly enlarged at 
the first examination, and w'ho took lodin, 659, or 57 8 per cent 
definite!) decreased in size, wRile of those not taking the prescribed 
treatment, 134, or 13 9 per cent , decreased Passing to the group 
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whose thyroids were classified as moderately enlarged at the first 
examination, 114, or 79 7 per cent , of those taking lodin showed definite 
decreases In some the decrease m size was most striking and hardly 
to be believed had we not had actual measurements and descriptions of 
the condition previously The reduction m several cases was as mat ked 
as one sees in the thyroid enlargement of young dogs, sheep or cattle 
following the use of lodin It means that with similar anatomic con- 
ditions, 1 e , uncomplicated hyperplasias of the thyroids, the degree of 
reaction is similar Ordinarily, one does not obtain the striking thera- 
peutic effect on human thyroid enlargements that is seen in animals 
This, as pointed out in previous papers, is due, in large part, to the 
duration of the enlargement, the presence of adenomas, cysts, degenera- 
tions, hemorrhage, etc , which are common in all long standing human 
goiters, while very uncommon in the lower animals at the ages when 
these animals are usually observed The therapeutic effect is a veiy 



Fig 1 — Moderate active hyperplasia, control specimen lemoved ten days 
after beginning administration of lodm (D — 185a) 

important supplement to prevention and makes it possible to begin 
prophylactic treatment in older pupils with the same practical result 
than would otherwise be possible 

DISCUSSION 

Our observations on the prevention of simple goiter m man have 
extended over a period of thirty months The disease is as easily pre- 
vented in man as in fish or in domestic animals 

Of 2,190 pupils taking 2 gm sodium lodid twice yearly, five have 
shown enlargement of the thyroid, while of 2,305 pupils not taking the 
prophylactic, 495 have shown eniaigement of the thyroid Of 1,182 
pupils with thyroid enlargement at the first examination and who took 
the prophylactic, 773 thyroids have deceased in size, while of 1,048 
pupils with thyroid enlargement at the first examination and who did not 
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take the prophylactic, 145 thyroids ha^e decreased in size These 
figures demonstrate in a striking manner both the preventive and the 
therapeutic effects There is an error in the above figures in that many 
pupils listed as not taking lodin have taken lodin in one or another form 
outside the school jurisdiction No attempt has been made to detect 
or estimate this error 

In the practical application of the preventive treatment, one must 
keep in mind the three periods when simple thyroid enlargements most 
commonly occur, viz , (1) fetal, (2) adolescence and (3) pregnancy 

(1) Prevention of goiter in mother and fetus is as simple as that 
occurring during adolescence Practically, it would seem that it is a 
charge or responsibility of individual members of the medical profes- 
sion supplemented with public education 

(2) The prevention of goiter of adolescence, on the other hand, 
should be a public health measure under state, county or municipal 



Fig 2 — Same gland as Figure 1, specimen removed forty-four days after 
beginning administration of lodm 

control The existing systems of organization of the schools, public 
and private, is sufficient to handle all the details without additional aid 
or expense Education of the pupils would be combined with the actual 
administration so that after leaving school they could continue the 
treatment, if necessary Physicians in industrial medicine could render 
an important service in this field Thyroid enlargement is approxi- 
matel}'^ six times as frequent in girls as in boys It is a social economic 
question each community must decide whether it will include both 
sexes Likewise, as to the age of beginning and stopping the use of 
lodin In this climate probably the maximum of prevention, coupled 
V ith the minimum of effort, would be obtained by giving it between the 
ages of 11 and 17 years As applied to our schools it would mean 
beginning with the fifth grade 
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Mawwi and Form of Admimsti atwn — As previously stated, lodin 
IS taken up by the thyroid gland when given by mouth, by inhalation, or 
by external application Weith ^ reports favorable therapeutic effects 
from inhalation of lodin as carried out by suspending a wide mouthed 
bottle containing a 10 per cent tincture of lodin in the school room 
Waste and lack of control of amounts taken are the most obvious objec- 
tions Similar objections hold in case of external application Some 
form of oral administration seems most practical and economical The 
addition of lodm or a salt of lodin to the water supply as we have done 
in preventing goiter in fish might be considered There are obvious 
objections to such a plan It would entail enormous waste It is appli- 
cable only when there are installations, i e , in towns and cities, and 
depending on the chemical impurities in water interactions might throw 
out the lodin The most feasible oral method would seem to be the 
individual administration of definite small amounts, either in solution 
or as tablets The cheapest salt, sodium lodid, could be given m either 
form Manufacturing pharmacists state that sodium lodid could be 
prepared very cheaply in tablet form protected from the action of water 
and light For private use, the well known U S P preparations, syrup 
of ferrous lodid and syrup of hydriodic acid are excellent 

Amounts of lodin to be Used — An ounce of syrup of ferrous lodid 
or hydriodic acid given over a period of from two to three weeks and 
repeated twice yearly would seem ample As a public health measure, 
we have used 2 gm of sodium lodid given over a period of two weeks 
and repeated twice yearly This dosage has prevented enlargement of 
the thyroid in more than 99 per cent of the children in this mildly 
goiterous district It is our opinion that much smaller amounts would 
suffice for healthy children and healthy pregnant women, provided the 
period of taking was prolonged, i e , 1 gm sodium lodid distributed 
over a month would accomplish as good thyroid effects as 2 gm given 
over a period of two weeks 

The prevention of thyroid enlargement in individuals with other 
diseases or residing in extremely goiterous districts, as in some glacial 
valleys of Alaska and British Columbia, certain districts in the Alps 
and Himalayas, might require larger amounts of lodin for normals than 
above indicated Our data of the clinical condition of four of the five 
cases that enlarged during the administration of 2 gm of sodium lodid, 
twice yearly, suggest that in infections (chronic catarrhal or suppura- 
tive tuberculosis, syphilis, etc ) and possibly also in conditions like 
chloiosis, osteomalacia, lymphatism and exophthalmic goiter, such 
amounts might not control the thyroid growth In such conditions there 

School, Cor-Bl f schuein Aerzte 49 
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may be a greatly increased demand for the thyroid hormone or the 
organism’s ability to store lodin m the thyroid may be impaired There 
IS a great deal of clinical evidence for the first view and none at present 
in support of the second 

Effect of lodin on the Thytotd Gland — This is manifested in two 
ways (1) on the lodm store and (2) on the histologic condition Both 
of these effects have been fully described in previous papers ® 

Effect on the Store If the thyroid gland is not saturated with 
lodin (i e , contains less than 4 mg per gm of dried gland) it is taken 
up readily by the cells following its administration in any form and in 
any manner thus far studied An increase in the lodm content of thy- 
roid may be demonstrated in a few seconds following the injection of a 
soluble salt into the circulation * lodin thus taken up is held by the 
cells until elaborated into the physiologically active hormone, when any 



Fig 3 — Same gland as Figures 1 and 2, specimen removed seventy-eight 
days after beginning administration of lodin Total amount of lodm given, 
90 mg 

excess is excreted into the follicular spaces and stored in the so-called 
colloid Two factors then are concerned in the storage of lodin in the 
thyroid (a) the capacity of the gland cells to take up and elaborate the 

3 Marine, D On the Occurrence and Physiological Nature of Glandular 
Hjperplasia of the Thyroid (Dog and Sheep) Together with Remarks on 
Important Clinical Human Problems, Bull Johns Hopkins Hosp 18 359, 1907 
Dianne, D, and Lenhart, C H Colloid Glands (Goiters) Their Etiology 
and Physiological Significance, Bull Johns Hopkins Hosp 20 131, 1909 
Marine, D , and Lenhart, C H Effects of the Administration or the With- 
holding of lodm Containing Compounds in Normal, Colloid or Actively Hyper- 
plastic Thyroids of Dogs, Arch Int Med 4 253, 1909 Marine, D Quanti- 
tative Studies on the in vivo Absorption of lodin by Dogs' Thyroid Glands, 
J Biol Cniem 22 547, 1915 

4 Marine, D , and Rogoff, J M The Absorption of Potassium lodid by 
the Thjroid Gland m vivo Following Its Intravenous Injections in Constant 
Amounts J Pharm & Exper Therap 8 439, 1916 
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hormone and (b) the capacity of the colloid material to store the prod- 
uct It IS evident, then, that to obtain maximum thyroid effects from 
a minimum amount of lodin, it should be administered m amounts not 
to exceed the capacity of the cells at any given time to handle it As 
has been shown, the elaboration of the hormone proceeds slowly in the 
most active thyroids Also when one recalls that from 4 to 5 mg of 
lodm per gm of dried gland, or from 25 to 30 mg , is the total storage 
capacity of a normal thyroid, it is clear that small amounts of lodin 
(a few mg ) given daily for a long period of time (a month or more) 
would produce optimum thyroid effects In the school work, a com- 
promise was found necessary, increased amounts and decreased time 
of administration 

Effect on Histology of the Thyroid It has been shown that the 
minimum amount of lodin store necessary to maintain normal or 
quiescent thyroid structure is quite constant for mammals ” In the dog, 
sheep, human and pig thyroid it is approximately 1 mg per gm of dried 
gland, and immediately the percentage is reduced below the minimum, 
hypertrophic and hyperplastic changes begin and continue until the 
store of lodiii has again been raised above the minimum requirements, 
when involution takes place This cycle may be repeated many times 
in the same individual under natural or experimentally controlled con- 
ditions In young dogs, with active hyperplasia, involution is usually 
complete in from fourteen to twenty-one days after beginning the 
administration of lodin The histologic features of this involution have 
been described in detail in other papers, but for reference three micro- 
photographs illustrating it are reproduced (Figs 1, 2 and 3) 

Untozvaid Effects — No obvious case of exophthalmic goiter has 
developed, although such cases have been carefully looked for An 
occasional instance of lodin idiosyncrasy (lodism), amounting to less 
than 0 5 per cent of the cases, was noted Most of the cases were very 
mild and the girls did not stop the treatment As an untoward effect 
it is negligible 

SUMMARY 

Observations on the prevention of simple goiter in man on a large 
scale have extended over a period of thirty months The results show 
that It may be prevented very simply and cheaply in normal individuals 
While thyroid enlargements of adolescence are more common, they are 

5 Marine, D , and Rogoff, J M How Rapidly Does the Intact Thyroid 
Gland Elaborate Its Specific lodin Containing Hormone^ J Pharm & Exper 
Therap 9 1, 1916 

6 Marine, D , and Williams, W W Relation of lodin to the Structure of 
the Thyroid Gland, Arch Int Med 1 349, 1908 Marine, D , and Lenhart, 
C H Further Observations on the Relation of lodin to the Structure of the 
Thyroid Gland in the Sheep, Dog, Hog and Ox, Arch Int Med 3*66, 1909 
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not more important than those occurring m mother and fetus Pre\ en- 
tion of adolescent goiter is properly a public health problem, while the 
prevention of fetal and maternal thyroid enlargements is largely a 
responsibility of individual physicians The presence of pathologic 
conditions may modify the result of the prophylactic treatment m indi- 
vidual cases While such instances are rare they are important and 
merit detailed reports 



FURTHER OBSERVATIONS ON THE T WAVE OF THE 

ELECTROCARDIOGRAM OF THE DOG FOLLOWING 
THE LIGATION OF THE CORONARY 
. ARTERIES =>• 

FRED M SMITH MD 

CHICAGO 

In a former communication ^ it was stated that the T wave of the 
electrocardiogram of the dog was a marked negative phase on the day 
following the ligation of branches of the left coronary arteries This 
wave remained negative for a period of three to five days and then 
gradually became positive The work embodied in this report was 
undertaken to further these observations and, if possible, inquire into 
the cause of the negative T wave 

The anesthetic, artificial respiration and the method of exposing 
the heart were the same as employed in the former work Electro- 
cardiograms were taken daily of those dogs that survived the operation 
On the second or third day following the operation they were anes- 
thetized and the heart was again exposed The movement of the heart 
was noted, especially that portion in which the blood supply had been 
disturbed 


RESULTS OF LIGATION OF THE CORONARY ARTERIES 

In twenty dogs various branches of the ramus descendens and of 
the circumflexus sinistra were ligated Sixteen survived the operation 
Fourteen of these, on the day following the operation, gave an electro- 
cardiogram in which the T wave was markedly negative (Fig 1) In 
one of the exceptions the necropsy showed that the lumen of the ligated 
vessel had not been completely occluded In the other case, collateral 
circulation had been established to a remarkable degree 

The negative phase of the T wave was greatest in those dogs in 
which the blood supply to the apex was most disturbed, as when two 
or more branches of the ramus descendens and circumflex sinistra, 
that supplies this area, were ligated Individual differences seemed to 
vary with the amount of collateral circulation that was established 

*From the Medical Department of Rush Medical College and Presbyterian 
Hospital 

♦This investigation was aided by funds given by Mrs C H McCormick 
and Mr R T Crane, Jr 

1 Smith, Fred M The Ligation of Coronary Arteries with Electrocardio- 
graph Study, Arch Int Med 22 8 (Jiriy) 1918 
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The stnkmg features of the movement of the normal ventncles of 
the clog are a shortening of all the diameters and a tilting of the apex 
to the right dunng the systolic period A satisfactory method of 
obsen mg these movements was to place a superficial row of sutures at 
regularly spaced intervals on the longitudinal and transverse diameters 
in the form of a cross over the area chosen for observation Those 
hearts in which branches of the left coronary artery had been ligated, 
show ed a decrease in the activity of that portion in which the circula- 



Fig 1 — Leads I, II and III of a dog one daj^ following ligation of branches 
of the left coronary arteries The T wa\e is a negative phase 

tion had been disturbed During the systolic period none of the diam- 
eters were shortened as in the normal contracting cardiac tissue The 
degree of lessened activity and the extent of the area to which it 
was confined varied in individual cases with the size and number of 
vessels ligated and the amount of collateral circulation that was later 
established 

In eight dogs the right coronary artery was ligated Three died 
the following night In the remaining five a necropsy was performed 
on the second or third day after death In no instance did the liga- 
tion of this artery appreciably affect the direction of the T wave 
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THE EFEECT OF COOLING AND HEATING VARIOUS AREAS OF 

the ventricles 

In experiments on the normal heart of the dog, the effects on the 
T wa\e of the applications of heat and cold to various areas were 
observed The heat was applied by means of small pledgets of 
cotton which had been soaked in water of 120 F temperature Ar^s 
of the heart were cooled by the application of pledgets of cotton which 
had been soaked in ice water or by the application of a pencil of ice 
More satisfactory results were obtained by the use of ethyl chlorid 



Middle Taken following the application of heat to the apex The T wave 
has changed to a positive phase 

Bottom Taken following the application of ethyl chlorid to the apex The 
T wave is sharply negative 

By means of this agent, the cooling could be more definitely localized 
on the desired areas of the heart and was employed in most of the 
experiments instead of the ice or ice water 

The cooling of the apex by either of these agents produced a 
negative T wave similar in character to that following the ligation of 
the branches of the left coronary arter)^ (Fig 2) ^Vhen the middle 
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anterior surface of the left ventricle was cooled, this wave was much 
less negative and cold applications to the anterior basal surface had no 
effect The cooling of various areas of the nght ventncle did not 
change the electrocardiogram, except when applied to the basal region, 
in which case the height of the T wave was increased in some instances 
The application of heat had the opposite effect to that of cold The 
greatest change was produced when the heat was applied to the apex 
The “T” became markedly positive A negative condition of this wave, 
produced by cooling, could readily be changed to a positive by the 
application of heat There was a decrease m the activity of that por- 
tion of the heart that was cooled This was most marked when ethyl 
chlorid was used 

THE EFFECTS OF THE INJECTION OF BICHLORID OF MERCURY 

AND NITRIC ACID 

The attempt was made to damage isolated areas of the myocardium 
by mercuric bich'lond (1 1,000) and nitric acid These substances 
were injected into the region of the apex by means of a Luer syringe 
and a small hypodermic needle The changes produced in the electro- 
cardiogram hy these agents were similar The first effect was an 
increase in the height of the T wave Later the R and T wave became 
fused into one In one instance, following the injection of nitric acid, 
the R wave became smaller Because of the difficulty of limiting the 
effects of these caustics to definite areas of the cardiac muscle this 
method was discontinued after four experiments 

COMMENT 

Phonocardiograms show that the T wave appears just before 
the second cardiac tone It, therefore, may be regarded as repre- 
senting the end of the systolic period of the ventricles The most 
generally accepted interpretation of this wave is that it is produced 
b)*^ the final activity of the base of the ventricles This conception is 
based in the main on the views of the following investigators Burden- 
Sanderson and Page,® in 1880 and 1883, studied the electrical reaction 
of the ventricles of the frog and tortoise by means of the capillary 
electrometer They showed that when heat was applied to the muscle 
in the region of one pole, the excitation penod in this area was 
shortened In 1892, Bayliss and Starling® made similar observations 
on tlie heart of mammals They concluded that the final ventricular 
variation was produced by a prolongation of the excitation at the base 

2 Quoted from Mines ^ 

3 Bayliss and Starling Internal Monatsclir f Anat u Physiol 9 256 
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over that at the apex Later Gotch ^ employed similar methods He 
agreed with Bayhss and Starling that the T wave was produced by 
the final negativity at the base He, however, concluded that this late 
condition at the base was due to the return of the excitation from the 
apex rather than a prolongation of the excitation at the base over that 
at the apex, as held by the two former investigators Gotch worked 
on the supposition that the heart develops from the primitive cardiac 
tube in which the contraction wave travels from the venous to the 
arterial end His conclusions were based on experiments in which he 
showed that the area in the vicinity of the aorta became electro- 
negative later than did other points on or away from the base of the 
ventricles 

Einthoven,® and also Krause and Nicolai,® agree with the former 
investigators that the final negativity at the base of the ventricles is 
responsible for the T wave They also differ as to the manner in 
which this late negativity is produced In this respect Emthoven seems 
inclined toward the conception of Bayhss and Starling, while Krause 
and Nicolai possibly agree more with the interpretation of Gotch 
Mines has shown that the T wave of the frog can be changed to 
a marked positive phase by wanning the apex MacLeod ® considers 
the production of a positive T wave in the frog from that which is 
normally slightly negative, by hurrying up the contracting process at 
the apex by heat, as convincing evidence in favor of the prevailing 
interpretation of the last ventncular phase of the electrocardiogram 
Samajlofif,® and also Dale and Mines,^® have studied the changes 
pioduced in the electrocardiogram of the frog by the stimulation of 
the sympathetic and vagus nerves They state that stimulation of the 
sympathetic usually increases the height of the T wave, while stimula- 
tion of the vagus changes it to a sharp negative phase Dale and 
Mines concluded that vagus stimulation caused the excitation to last 
relatively longer at the apex, while stimulation of the sympathetic 
increases the duration at the base 

4 Gotch, F The Succession of Events m the Contracting Ventricles as 
Shown by Electrometer Records (Tortoise and Rabbits), Heart 1 235, 1909, 
also Proc Roy Soc 79 B, p 273 

5 Emthoven Arch Internal de Physiol 4 132, 1906, Arch f d Ges 
Physiol 122 517, 1908 

6 Krause and Nicolai Das Elektrokardiogram des Gesunden und Kranken 
Menschen, Leipzig, 1910 

7 Nines, G R On Functional Analysis by the Action of Electrolytes 

J Physiol 46*188, 1913 ' 

8 Macleod Physiology and Biochemistry, C V Mosby & Co, 1918 

9 Samajloff Quoted from Dale and Mines 

10 D^e, Dorothy and Mines, G R The Influence of Nerve Stimulation 
on the Electrocardiogram, J Physiol 46 319, 1913 
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Hoffmann, and Eyster and Meek,^^ differ somewhat from the 
opinions that have hitherto been expressed They interpret the electro- 
cardiogram as being the expression of two processes occurring in the 
heart muscle, the excitation and the contraction of the muscle They 
consider the R wave to be the manifestation of the passage of the 
stimulus over the bundle of His and its ramifications to the papillary 
muscles and the T wave, the resultant of the contraction of the ven- 
tncles Even though they differ m this respect, Eyster and Meek 
state that one of the important factors in determining the size and 
direction of the T wave is the relative degree of contraction in the 
base and apical regions of the ventricles 

On the basis of the prevailing conception of the cause of the T wave 
the most plausible explanation of our results is that the negative phase 
was produced by the prolongation of the excitation at the damaged 
apex over that of the basal portion of ventricles The marked nega- 
tive T wave on the day following the ligation of branches of the left 
coronary artery, especially those that supply the apex, is presumably 
explained on the same grounds, as the negative phase following the 
cooling of the apex In the latter instance this change in the T wave 
subsided soon after the cooling agent was withdrawn In the former, 
however, it lasted from three to five days After this time a certain 
degree of collateral circulation becomes established, fibrous tissue cells 
begin to appear in the area of disturbed circulation, and those factors 
that delay the excitation no longer exist In our experiments the size 
and direction assumed by the T wave were most influenced by altering 
the condition of the apex This can be better understood by assuming 
the apex to be the lower pole of the heart On this basis, the T wave 
should be influenced in the opposite manner by adopting similar 
measures at the base of the ventricles In conformity to this notion 
there was some increase in the size of the T wave when the base of 
the right ventricle was frozen with ethyl chlond in some of the expen- 
ments These results agree with those obtained by Eppinger and 
Rothberger who employed similar methods The fact that those 
measures which produced stnking effects on the T wave when applied 
to the apex do not have the proportional opposite effect when applied 
to the base may be due to a more definite localization of the lower 
pole at the apex than the upper pole at the base 

11 Hoffmann Quoted from Eyster and Meek“ 

12 Eyster, J A E , and Meek, W J The Interpretation of the Normal 
Electrocardiogram, a Critical and Experimental Study, Arch Int Med 11 
204 (Feb) 1913 

13 Eppinger and Rothberger Quoted from Eyster and Meek“ 
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CONCLUSIONS 

1 In twenty dogs two or more branches of the ramus descendens 
and circumflex sinistra were ligated Sixteen survived the operation 
Fourteen of these gave an electrocardiogram on the following day in 
which the T wave was a sharp negative phase The two exceptions 
were explained at the necropsy The size that the T wave assumed 
in the opposite direction varied with the amount of disturbed circula- 
tion at the apex 

2 In eight dogs the right coronary artery was ligated In five of 
these electrocardiograph studies were made on the day following the 
operation The T wave was not appreciably affected by the ligation 
of this artery 

3 The application of cold had the most marked effect when applied 
to the apex A negative phase always resulted When the middle 
anterior surface of the left ventricle was cooled the T wave was less 
negative, and cold applications to the anterior basal surface produced 
no change The cooling of various areas of the right ventricle did 
not affect the T wave, except when applied to the basal region, in which 
case the height was increased in some instances When heat was 
applied the opposite results were obtained 

4 The direction tot the T wave assumed in these experiments can 
best be explained on the prevailing conception that it is produced by 
the final activity of the base, and that the measures adopted either 
prolonged or delayed the activity at the apex 

It IS a great pleasure to acknowledge my indebtedness to Dr James B 
Herrick for his suggestions 



SEQUENCE AND ARRANGEMENT OF PALLOR AND RED 
NESS IN IRRITATED SKIN OF NORMAL AND 
DERMOGRAPHIC INDIVIDUALS 
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First Lieutenant M C , U S Army 

FORT LOGAN H ROOTS, ARK 

The interesting succession of colors which characterizes dermo- 
graphism h'as been studied by Jankowsy, Lapinsky and others It is 
well known that the lesions not only undergo alternations of pallor and 
redness, but that two or more zones of alternating pallor and redness 
may be obser\'ed simultaneously A case of Raynaud’s disease, pre- 
senting similar zones and undergoing similar alternations of color, 
suggested that these changes might be of fundamental importance and 
widespread occurrence The following series of experiments was 
accordingly planned, with a view to ascertaining whether the zones of 
pallor and redness, or the occurrence of pallor followed by redness, 
were also characteristic of lesions produced by various other irritants 
The irritants used were mechanical, thermal, chemical and electnc 
Mechanical irritation or injury was provoked by stroking the skin 
with a blunt object, such as a toothpick, by scratching the skin with a 
needle, and by pinching a bit of skin between the jaws of a h'emostat 
Thermal injury was provoked by applying a hot iron or a heated glass 
rod to the skin Mosquito bites afforded the opportunity to observe the 
effects of chemical irntants, and the electrolytic needle with galvanic 
current constituted the injurious electrical agent Finally, carbon 
dioxid snow was applied for producing lesions due to lowered tem- 
perature ^ 

The toothpick was applied to the skin of three dermographic and 
two hundred normal persons The needle scratch was applied to 
eighteen individuals The carbon dioxid snow was applied to the skin 
of two normal persons and one person suffering from Raynaud’s dis- 
ease The electrolytic needle was applied to one dermographic per- 
son and to three normal persons One person who was burned acci- 
dentally afforded opportunity to record the stages of a burn, three 
persons who were bitten by mosquitoes furnished the basis of observa- 
tions on poisoned wounds Finally, an experimental animal (dog) 
was subjected to all the varieties of injury just mentioned and to one 
other, namely, pinching or crushing with a hemostat 

There w^as a staking similarity between the lesions produced by the 
\arious means enumerated, m that they all tended toward wheal for- 
mation Virtually all lesions show'ed pallor over the contact spot 
immediately after the injury, and the pale spot usually became sur- 
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rounded by a peripheral red zone within a few minutes Within from 
two to thirty minutes, the pale contact spot became pink, and m some 
instances the peripheral red zone also undenvent a reversion of color, 
becoming pale 

The development of edema usually proceeded at a rate which pro- 
duced visible elevation by the end of a few minutes, and this swelling 
was, in certain instances, associated with a secondary pallor at the 
contact spot Th'is was particularly true of dermographic lesions and 
lesions produced on normal skin by the application of carbon dioxid 
snow 

The carbon dioxid snow was applied m the form of a truncate 
crayon 2 cm m dbameter The lesions produced by this agent were 
typical wheals, but showed as many as four color zones at certain 
moments 

It IS well known, that the wheal is the lesion characteristic of dermo- 
graphism, and that formation of wheals constitutes the usual reaction 
of normal skin toward insect bites This series of experiments tends to 
show that dermographic skin reacts like normal skin, and that both 
normal and dermographic skin react similarly toward mechanical and 
other forms of trauma 

Chambard and certain other authors h'ave reported failure in the 
attempt to provoke dermographic lesions by electrical, chemical and 
thermal stimuli A careful analysis of the dermographic lesion will 
show, however, that even the mechanical means must be applied m a 
certain, manner before the formation of wheals is achieved For 
instance, a flat-pointed tooth-pick one-eight inch wide, drawn with 
moderate friction across dermographic skin, will cause an edematous 
streak along each edge of the path described, but the intermediate 
space does not become elevated until after the two margins coalesce 
in the center Moreover, the cuticle of dermographic skin can be 
removed with “00” sandpaper without causing a wheal These facts 
indicate that in dermographism the wheal is the result of mechanical 
forces acting according to a certain arrangement, extending over a 
certain area, and reaching a certain depth 

The fact that electrical, chemical and thermal stimuli have been 
applied to dermographic skin by some investigators without provoking 
wheals, can be explained on the ground that the extent and depth of 
tissue affected by the stimuli was probably dissimilar to that affected 
by the usual friction stroke, while, on the other hand, the occurrence 
of urticanal wheals as a result of soluble poisons circulating in the 
blood, lowered temperature, affecting the entire body surface, instru- 
mentation of the urethra, and even intense emotion, appears to establish 
the hypothesis that there is an inherent tendency in the skin to react in 
one stereotyped fashion to all forms of irritant 
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CONCLUSIONS 

1 The reactions observed in dermographism seem to be entirely 
analogous to those observed m normal skin, differing only in degree 

2 All the irritants investigated (scratch, pinch, bum, electrolysis, 
freezing, mosquito bite, dermographic scratch) tend to cause (a) 
Initial pallor, (b) peripheral red zone, (c) reversion of color from 
pale to red, the latter commencing at the periphery and proceeding 
toward the center 

3 The tissues studied tend to react in one stereotyped manner to 
all the irritants investigated 
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THE DETERMINATION OF VENTRICULAR PREDOMI- 
NANCE FROM THE ELECTROCARDIOGRAM 

HAROLD E B PARDEE, MD 

NEW YORK 

Two recent articles containing much speculation and few facts 
have directed my attention to the necessity for a review of the subject 
of the electrocardiographic diagnosis of hypertrophy of one or the 
other ventricle of the heart The original observations on this subject 
were that cases in which hypertrophy of the left ventricle might be 
expected showed a relatively tall R wa\e in Lead 1, with absence of an 
S wave in this lead, while Lead 3 shows a relatively small or absent R 
wave and a deep S wave In like manner, cases in which hypertrophy 
of the right ventricle might be expected showed a relatively small R 
wave in Lead 1 and a deep S, while the S wave was absent in Lead 3 
and the R wave relatively tall ^ Emthoven demonstrated the fact that 
if the actual values of the largest waves of the Q R S group m Leads 1 
and 3 were added together, the result would be equal to the value of 
the largest wave of this group in Lead 2 There is some slight error 
in this addition owing to the fact that the peaks of the waves do not 
occur at the same instant of the heart cycle m all three leads He 
showed that throughout the Q R S group and in fact throughout the 
whole electrocardiogram if we consider the parts of the curve in the 
three leads which occur at the same instant of time then the value m 
Lead 1 -f- value in Lead 3 = value in Lead 2 ^ From the relative size 
and direction of these values in the three leads there can be calculated 
the direction of flow of current within the heart at that instant 

It soon developed that it was not the actual hypertrophy of one or 
the other ventricle which caused the changes in the electrocardiogram, 
but the relation of the state of hypertrophy of each ventricle to the 
other If a heart had mitral stenosis and had also to oppose an 
increased blood pressure, then both ventricles would become hyper- 
trophied and the electrocardiogram might show a normal relation of 
the height of the R waves m the three leads Neither ventncle m this 
case would be predominantly hypertrophied, and for this reason it has 
become necessary to speak of the records as showing right or left 
ventricular predominance instead of h 3 'pertrophy 

1 Emthoven, W Le Telecar diogramme. Arch Internal de Ph 3 SioI 4 132, 

1906 ' ’ 

2 Emthoven, W Weiteres u d Elektrokardiogram, Arch f d tres Phvsiol 

122 576, 1908 s . i u ges rnysioi 
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Various methods have been suggested for deriving from the elec- 
trocardiogram a mathematical expression of this relative predominance 
of one or the other ventricle Einthoven considered that the current 
at the instant of the highest peak of the Q R S group would give such 
an index, and calculated from the size and direction of these peaks m 
the three leads the direction of the current within the heart which had 
caused these high peaks This calculation was made by quite sound 
mathematics, and a table was published by him,® by the use of which 
it was ver}f easy to determine the direction of the current within the 
heart which had produced corresponding waves in the three leads 
This IS simple enough when the peaks of the waves occur at the same 
instant of the heart cycle m all three leads, for then the formula 
Lead 1 + Lead 3 = Lead 2 will be exactly fulfilled When they do 
not occur at the same instant they are spoken of as being ''out of 
phase,” but even in such records it is' usually possible to determine 
by inspection which parts of the Q R S groups of the other two leads 
correspond in time with the high peak of the lead showing the largest 
deflection This is aided by bearing in mind that in nght predominance 
It IS usual to have the peaks of the R waves in Leads 2 and 3 practically 
simultaneous while the corresponding instant in Lead 1 will he some- 
where on the downward stroke between the peaks of R and S Like- 
wise, in left predominance records the peaks of R are practically in 
phase in Leads 1 and 2, and this instant will fall in Lead 3 at a point 
on the downward stroke between the R and S peaks Rarely, however, 
a record will defy even this attempt at analysis 

Having determined the direction of the current which produced 
the largest deflection, Einthoven considered that those hearts which 
showed this angle within the sector between 40 and 90 degrees below a 
line drawn horizontally to the patient’s left were hearts which showed 
a normal balance of the ventricular elements Those which gave an 
angle above 40 degrees showed left predominance, while those which 
gave an angle which was to the patient’s right of 90 degrees showed 
nght predominance This was in general agreement with the previous 
idea as to the relation of the R and S waves in Leads 1 and 3 to ven- 
tncular predominance, for the S waves become more prominent than 
the R, in Lead 1 at 30 degrees and in Lead 3 at 90 degrees 

Lewis suggested a method of obtaining an index of predominance 
by adding the value of R1 — R3 to the value of S3 — SI ^ He probably 
did this, although he did not attempt a theoretical explanation of this 
formula, from a belief that as R1 and S3 vary together, the first grow- 

3 Einthoven, Fahr and de Waart Ueber die Richtung und die Manifeste 
o/sseder^tenUalsehwankungen, etc, Arch f d ges Physiol 150 275, 1913 
1914 ’ ^ Observations on Ventricular Hypertrophy, etc, Heart 5 367, 
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mg smaller and the latter larger with increasing left predominance they 
must governed by the left ventricle, and for a similar reason SI and R5 
must be governed by the right ventricle 

White has suggested that (U1 -}- D3) — (D1 + U3) considering 
that U, the upper deflection and D, the largest of the downward deflec- 
tions, whether it be a Q or an S, would represent opposing ventricles ° 
His figure will, of course, only differ from Lewis’ figure when Q is 
larger than S, so that it becomes the laigest downward deflection 
Carter has suggested that the sum of the downward deflections of 
each lead be subtracted from the upward, and that the i esultmg figures 
for the three leads be used to determine the direction of the current 
within the heart ® When the resulting figures for the three leads cannot 
be made to agree with Emthoven’s rule of Lead 1 Lead 3 = Lead 2, 
by a little judicious scaling of the figures, he then recommends that the 
Lead 1 and Lead 3 values be used to determine the direction of the 
current, totally disregarding Lead 2 


Comparison of L/R Weight Ratios and Electrocardiographic Predominance 

AS Determined by Four Methods 


Oase 

L/E 

Weight 

Eatio 

Angle as 
Found 
by 

Einthoven’s 

Method 

Angle as 
Found 
by 

Carter’s 

Method 

Lewis’ 

Formula 

White’s 

“Index” 

Value 
Largest 
Wave 
of QES 
Group 

Lewis’ 

Formula 

Eeduced 

to 

E 10 

I 

2 63* 

—10 

—30 

29 5 

29 5 

16 5 

17 9 

n 

260 

—70 

—60 

19 0 

19 0 

15 0 

126 

III 

2 55* 

—74 

—75 

17 5 

16 5 

15 0 

117 

IV 

2 04 

14 

16 

19 0 

19 0 

12 6 

15 2 

V 

197* 

79 

75 


—80 

13 0 

—77 

VI 

194 

45 

30 

80 

80 

11 0 

73 

VII 

187 

0 

10 

12 5 

12 5 

10 0 

12 5 

VIII 

1 82 

18 

35 

46 

4 5 

60 

75 

IX 

160 

82 

115 

—70 

—70 

60 

—11 6 

X 

1 55* 

4 

—30 

90 

90 

70 

12 9 

XI 

188 

78 

90 

1 5 

1 5 

65 

23 

XII 

ISO* 

79 

95 

—3 5 

—50 

50 

—70 

XIII 

0 82* 

101 

150 

—6 0 

—60 

60 

—58 

XIV 

082 

105 

128 

—15 5 

—15 5 

no 

—141 

XV 

0 41 

131 

160 

—77 0 

—76 0 

44 0 

—17 5 


* The cases marked with asterisk are from Cotton’s senes, the remainder are from Lewis’ 


A great deal could be said about the theoretical merits of these 
different methods of estimating ventricular predominance It can all 
be discarded, however, in the face of direct evidence such as we are 
able to obtain from two series of observations One series of nine 
cases by Lewis ^ and one of six cases by Cotton,'^ have been reported in 
which the electrocardiogram and the actual weights of the ventricles 


5 White, P D , and Bock, A V Electrocardiographic Evidence of Abnor- 
mal Ventricular Preponderance, etc. Am J M Sc 156*17, 1918 

6 Carter, E P The Electrocardiogram and Ventricular Predominance, 
Arch Int Med 24 638 (Dec ) 1919 , also Carter, Richter and Greene Bull 
Johns Hopkins Hosp 30.162, 1919 

7 Cotton, T Observations on Hypertrophy, Heart, 6 217, 1917 
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^\e^e obtained m the same patients These fifteen cases have been 
arranged in the accompanying table according to the ratio of the ven- 
tncular weights as determined by Lewis and Cotton From the pub- 
lished measurements of the Q R and S waves in the three leads, the 
electrocardiographic "predominance” has been calculated by the four 
methods which have been mentioned The first column is the value of 
L/R obtained from the ventricular weights The figures for the angle 
of the largest current as obtained by Einthoven’s method are shown 
in the second column, the angle as obtained by Carter’s method is in 
the third column, the figures by Lewis formula are in the fourth 
column, and White’s “index” occupies the fifth column 

It IS evident that all of these formulas give figures which follow in 
a general way the actual relation of the ventricular weights, but it is 
also evident that none of them enables us to place the heart very 
accurately in the scale of left or right predominance as actually deter- 
mined by the weight relation The normal variations of the L/R 
weight ratio have been determined in two series of thirty-four normal 
persons, whose ventricles were separated and weighed by Lewis ^ and 
by Cotton " The a\ erage L/R ratio was approximately 1 80, the 
extreme ^ ariations being 217 and 1 47, the former probably represent- 
ing a moderate left predominance and the latter a moderate right pre- 
dominance Three of the cases of the table have an L/R ratio larger 
than 2 17, and therefore may be considered to show definite left pre- 
dominance, while five have a ratio less than 1 47 and show, therefore, a 
definite right predominance 

Figure 1 is a series of curves constructed from the table by using 
the values in the first five columns to obtain the height from the base 
line and the order of the cases from 1 to 15, as determined by their 
L/R weight ratio, to obtain the distance from the left hand ordinate 
The weight ratio forms a smooth steadily declining curve, while all 
of the other curves, though in general declining, have many departures 
from smoothness Individual cases vary considerably from the posi- 
tion in these irregular cun'^es which they would be expected to occupy 
considering their L/R ratio The dotted line drawn through each curve 
indicates the a^ erage course of this curve, and along this line our cases 
should he It is evident that the variations from this average obtained 
by the Lewis or the White formulas are less than the vanations 
obtained by the other formulas, and, moreover, only three persons who 
had a normal weight ratio would be classed as having predominance 
b} these methods while either of the other methods would have thus 
misplaced four cases 

In considering the basis of the Lewis and White formulas, it is 
evident that the size of the largest wave in the Q R S group, R or S, 
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Fig 1 —Senes of curves constructed from the table bj using the values 
the first five columns to obtain the height from the base line 
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as the case may be, will be an important factor in the resulting figure 
The values for the largest waves in the electrocardiogram of each 
individual are shown in the sixth column of the table, and it is very 
interesting to note that they are larger in the right and left predomi- 
nance cases than they are in those showing a normal balance This is a 
wholly unexpected finding, and will well warrant a further study which 
IS at present in progress Considering this varying value of the largest 
waves, and the fact that the Lewis and White formulas as so evidently 
dependent on this value, it is not surprising that the curve of these 
cases obtained by these formulas show at first a steep descent as the 
diminishing degrees of left predominance are recorded, a more or less 
level stretch and then another steep descent as the increasing right 
predominance is met with This fact made it seem advisable to correct 
the Lewis formula for the value of the largest wave in the record of 
the individual changing the Lewis figure, so that it would be propor- 
tional to a value of 10 mm for the largest wave This formula would 
be “Lewis’ figure = R 10 ” The figures obtained thus form the 
last column of the table The variations in a curve constructed from 
these figures would be very great, so that this correction for the size 
,of the largest wave offers no advantage 

Other formulas were tried attempting always to find a method of 
treatment of the electrocardiogram of these cases which would place 
the individual case near to the average position in the senes which 
might be expected from the L/R ratio They were all unsuccessful, 
none being any better than Lewis’ formula which has such a desirable 
simplicity The following were tried, but it seems unnecessary to pub- 
lish the figures m view of their negative value 

1 Qi + + S 3 — Q 3 — R 3 — Si, a formula suggested by Lewis’ 

recent analysis of the electrocardiogram ® 

2 Qi + S 3 — Qg — Si was tried because the R wave has probably 
a factor from both ventricles, while Q and S have not ® 

3 Ri -j- S 3 — Si — R 3 + value of largest wave another attempt 
to correct for the varying value of the R wave which has been noted 
with predominance of either ventricle 

Q R [ S 

^ attempt to obtain an L/R ratio from the waves 

^3 “I 1^3 “T 

of the electrocardiogram which, according to Lewis,® depend on the 
respective ventncles 

5 The figure obtained by this last method was divi(ied by the value 
of the largest wave 

^ Le%\is, T The Spread of the Excitatory Process in the Vertebrate Heart, 
Phil Tr Roy Soc London 207 221, Series B, 191^ 



PARDEE— ELECTROCARDIOGRAM STUDIES 


689 


DISCUSSION 

As has been said, none of these methods attained the desired result 
of a uniformly varjung series of figures, such as is given by the L/R 
weight ratio 

Let us consider possible reasons why this object could not be 
achieved (1) It cannot be considered that the QRS group is not 
governed by the ventricular weight ratio for all of the formulas 
derived from the records give figures which agree m a general way 
in their placing of these cases in the series of predominance (2) It is 
possible that the cutting and weighing of the hearts might ha\e been 
inaccurate so that the L/R ratio obtained does not express the proper 
position of the heart in the predominant scale This cannot be con- 
sidered, for it would not cause more than relatively slight variations 
m the L/R ratio for relatively large errors m cutting, and so would not 
account for more than a very slight displacement of the heart from the 
position m the scale of predominance (3) There may have been errors 
in taking the electrocardiogram, but this cannot be considered at all 
likely in the hands of technicians who are familiar with the instrument 
as these men were (4) It is possible that the individual hearts varied 
m some other way than in their ventricular mass so as to change the 
electrocardiographic record from what it would otherwise have been, 
thus displacing it in the scale of predominance (a) The possibility that 
any of the cases of this series were suffering from blocking of one 
bundle branch may be discarded, for both of the workers are thoroughly 
familiar with the effect of this lesion on the record, and with the lack 
of relation between such curves as it would produce and the problem 
of ventricuular predominance which they were investigating They 
would have discarded such cases (b) The anatomical position of the 
heart within the chest might vary sufficiently to be responsible for these 
electrocardiographic variations The respiratory movements of the 
diaphragm may cause a variation of as much as 30 degrees in the 
electrical axis of the hcart,=’ and as it is a matter of common knowledge 
that in some types of individuals the heart may be more or less trans- 
versely placed on a high diaphragm as with full expiration, or in others 
may be more or less vertically placed w ith a low diaphragm as in full 
inspiration The transverse type of heart, if othenvise normal, gives 
an electrocardiogram approaching the left predominance type, while 
that of the vertical heart approaches the right predominance type, and 
it is suggested that it is probably such differences in position as this 
which are responsible for the electrocardiographic variations which 
have caused the normal cases of this series to appear to have a' ven- 
tricular predominance By a similar mechanism a heart with a slight 
left predominance might gi\e an electrocardiogram within the normal 
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limits of variation if it were vertically placed, or a slight right pre- 
dominance might give a normal record if the heart were horizontal 
The same mechanism would give to the electrocardiogram a form 
characteristic of a greater degree of predominance than the heart 
muscle actually shows if the left predominance case should he trans- 
\ersely and the right predominance vertically (c) Still another pos- 
sibility has been sugugested,® for the discrepancies existing between 
the ventricular weight ratio and the electrocardiographic “predomi- 
nance ” The size of the ventricular cavity may vary for the same weight 
of muscle This may be expressed as dilatation A small thick-walled 
ventricle may weigh the same as a large thin-walled ventricle The 
different distnbution of the electrical potential which this would cause 
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Fig 2 — Two electrocardiograms taken from the same person, A, in the 
relaxed sitting position, B, in the erect sitting position 

would in all probability have its effect on the electrocardiogram, and 
might well lead to such variations as were observed in this series This 
point of view has been elaborately discussed quite recently by Fahr,^° 
and certainly should command attention from anyone who considers 
this problem It is a most difficult hypothesis to investigate, however, 
as It necessitates careful measurement of ventricular diameters as well 
as of ventricular weight 

Either of these latter suppositions would explain why the electro- 
cardiograms of this series which vary from their expected position in 
the predominance scale, vary in the same direction, i e , toward right or 

9 Personal communication from Dr Hubert V Mann 

10 Fahr, G An Analysis of the Spread of the Excitation Wave, etc , Arch 
Int Med 25 146 (Feb) 1920 
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toward left predominance, by whatever method the electrocardiogram 
IS analyzed The electrocardiogram has been caused to vary from the 
form which it would derive from the ventricular weight ratio by an 
unusually transverse or vertical position of the heart, or by what 
virtually amounts to a deformity of the heart, a dilatation of one 
chamber It is impossible to decide between these hypotheses on 
theoietical grounds, but I must say that the former appears to be the 
more attractive theory 

Figure 2 shows two electrocardiograms taken one after the other 
from the same individual Both were taken while he was sitting 
upright in a chair, but the one to the left. A, was taken with the erector 
spmae relaxed, the back bowed forward and the thorax fallen down- 
ward upon the abdomen so that the diaphragm was pushed up within 
it the typical relaxed sitting position The other record, B, was taken 
while he was sitting with the back straight and the chest forward m a 
normal, erect, sitting position The electrical axis of record A is 
6 degrees, while that of B is 46 degrees, the change by the Lewis for- 
mula IS from 12 to 7, a change in this case due entirely to a change in 
the position of the diaphragm from high to normal This patient was 
examined with the fluoroscope, and the anatomic axis of the ventricles 
roughly estimated in each position This axis was found to rotate 
about 30 degrees The degree of variation in the electrocardiogram 
which may result from a different position of the diaphragm is evi- 
dent from this experiment, and also the fact that the anatomic axis 
varies at the same time in a similar manner 

CONCLUSIONS 

The conclusions which may be drawn from these considerations 
are 

1 That the form of the Q R S group of the electrocardiogram is 
dependent in otherwise normal hearts on the relative weights of the 
two ventricles An increase in the L/R ratio, such as would result 
from the left ventricle becoming relatively heavier, is accompanied by 
characteristic changes in the electrocardiogram, while if the L/R ratio 
IS decreased, as by the right ventricle becoming relatively heavier, there 
are other equally characteristic changes in the record These changes 
are the ones which have always been associated with the predomi- 
nances, a tendency for R, to be relatively small, and R^ and S3 to be 
relatively large m left predominance, while R^ is small and and R3 
are relatn ely large in right predominance 

2 Attempts to devise a formula from the Q R S waves by which 
the heart can be placed properly in a series of \entricular predomi- 
nance are successful only m a general way Individual electrocardio- 
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grams vary greatly from the position in the scale of ventricular pre- 
dominance which the ventricular weights alone would lead us to 
expect them to occupy 

3 Of all the formulas which have been considered for determining 
the ventricular predominance from the electrocardiogram, the simplest 
to apply, the one giving the smallest apparent error in this series of 
fifteen cases, and the fewest variations of individual hearts from the 
position m the predominance scale which would be expected from the 
L/R weight ratio, is the formula suggested by Lewis of (R1 -{- S3) — 
(SI -f R3) 

4 It IS suggested that the cause of these variations may well be 
that the hearts which varied from their expected position in the scale 
of predominance were of the markedly transverse or vertical type so 
that the electrocardiogram was distorted by this position of the heart 

5 The suggestion as to ventricular dilatation causing these varia- 
tions IS also worthy of consideration 

The diagnosis of ventricular predominance is far from being the 
most important information which the electrocardiogram gives us, but 
It IS nevertheless very suggestive and important m certain cases It is 
well, therefore, that we should realize that our conclusions as to pre- 
dominance are not always m agreement with the ventricular weights, 
and that we earnestly try to find what are the factors which interfere 
with this agreement The present suggestion as to the cause of the 
inexactness of the electrocardiogram seems to me to be quite reason- 
able, but reasonableness alone, without an experimental basis, should 
never be the foundation of any medical diagnostic procedure It is 
hoped that this discussion will stimulate many obsen'^ers to note the 
anatomic position of the heart in relation to the electrocardiographic 
“predominance” which is shown, and that as many as possible will 
combine with these factors the necropsy data, consisting of the actual 
relation of the ventricular weights, using Lewis’ technic for cutting 
and weighing the ventricles ^ so that the results may be comparable 
with his, and also proper measurements of the ventricular size Only 
in this way can the subject be eventually placed on a firm foundation 



THE EFFECT OF ACUTE YELLOW ATROPHY ON 
METABOLISM AND ON THE COMPOSI- 
TION OF THE LIVER 

WILLIAM C STADIE and DONALD D VAN SLYKE 

NF\V YORK 

In the present paper we report chemical analyses of the blood and 
urine made m a case of acute yellow atrophy for three days before 
death, together with analysis of the liver removed at necropsy three 
hours after death The study was directed especially toward the 
nitrogen metabolism and the acid-base balance of the patient Besides 
other determinations, including those of urea, quantitative estimations 
of the ammo-acid nitrogen in the urine, blood and liver were performed 
for the first time in such a case, so far as we can ascertain 

The results are of interest in two connections (1) the pathologic 
metabolism of acute yellow atrophy, and (2) the role of the liver in 
the normal handling of nitrogenous products The condition is one in 
which the liver as a functioning organ suffers almost complete, if not 
complete, destruction, without similar apparent injury to other organs; 
and the failure in yellow atrophy of definite steps in nitrogenous 
metabolism may be taken as an indication of the possibility that such 
steps are normally achieved either by the liver or with its aid 

REVIEW OF LITERATURE 

Since Frenclis' (1861) established the presence of Icucin and tyrosin in 
both the liver and urine in acute yellow atrophy, there has been basis for the 
belief that in this disease the liver proteins are digested to amino-acids, which 
arc excreted as such in the urine Schultzcn and Reiss* (1869) arc quoted as 
declaring that the presence of Icuctn and tyrosm in the urine indicates acute 
yellow atrophy as definitely as the presence of albumin indicates nephritis. 
In nearly all cases reported, however, the amino-acids have been identified only 
by microscopic examination of the crystals, and Rohmann * (1888) with the 
utmost care was unable definitely to identify either leucin or tyrosin in the 
antemortem urine in a case terminating fatalh Rohmann explained the failure 
of these substances to appear in some cases of yellow atrophy by the hypothesis 
that amino-acids are excreted only when formed at a rate faster than they can 
be destroyed in the body In his case an aromatic acid, probabl> p-hydroxy- 
phcnyl lactic acid, formed by replacing the NH; group of tyrosin by an OH 
(Ellmger and Kotake,* 1910), was obtained from the urine Its presence indi- 
cated that the body could still deaminize tyrosm, e\en though the product of 
deaminization failed of further combustion 


‘From the Hospital of The Rockefeller Institute for Medical Research 

1 Frcrichs IClinik oer Leberkrankheiten, Braunschweig, 1861 

2 Schultzcn and Riess Hammarsten’s Lchrb d. Physiol Chem Ed 8 

Wiesbaden, 1914, p 705 ’ ' 

3 Rohmann Berlin klin Wchnschr 861, 882, 1888 

4 Ellmger and Kotakc J Biol Chem 5 129, 1908 
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Neuberg' (1909) claimed to have obtained from the blood serum in a fatal 
case tyrosm, leucin and lysin, the three ammo-acids together amounting to 
about 6 gm per liter of blood This indicated the presence of so great an amount 
of amino-acids m the blood, that the investigators believed they must be due 
to autolysis of the muscles as well as the liver At the same time, the 
nitrogen distribution in the urine was normal, 76 per cent of the total nitrogen 
being in the form of urea The results of the blood and urine analyses are both 
so unusual and so completely at variance with each other (i e , tremendous 
amounts of amino-acids in the blood with no apparent disturbance of the 
nitrogen distribution m the urine) that without confirmation their acceptance 
as accurate in a quantitative sense is difficult 

Wells® (1909) has published the most complete examination of the liver in 
yellow atrophy He submitted the noncoagulable, water-soluble extract to 
Fischer’s ester process for isolation of the mono amino-acids, and to Kossel's 
procedure for the diamino acids, and identified histidin, lysin, tyrosm, leucin, 
glycm, alanm, prolin, glutaminic acid and aspartic acid, the total amount 
being 8 67 gm from the entire liver To judge from the usual losses by the 
ester method, the amounts present were probably twice as great as those actually 
obtained Wells proved beyond doubt that the liver m acute yellow atrophy 
does contain considerable amounts of the various amino-acids yielded by pro- 
teins on hydrolysis That previously 'only leucin and tyrosm were, as a rule, 
found was obviously due to the fact that these are the ammo-acids which 
are most easily obtained by crystallization 

Even the results of Wells, however, did not entirely solve the problem from 
a quantitative standpoint Van Slyke and Meyer’ (1912), and Abel, Rowntree 
and Turner® (1914) showed that amino-acids in considerable amounts are 
normal constituents of the blood and tissues The conceptions of the changes 
in liver atrophy, and their significance in regard to liver function, therefore, 
became dependent on the question whether or not the amounts of ammo acids 
formed and excreted in acute yellow atrophy vary significantly from the normal 
In the present paper we are able to answer this question in the affirmative, and 
thereby confirm the older conceptions of the metabolism in this disease and, 
we believe, place them on a more complete experimental basis 

REPORT OF CASE 

The patient, female, aged 29 years, had been well to within one day of 
admission to the hospital Her first symptoms were nausea and vomiting, at 
first mild, but persistent and gradually increasing in intensity She had no 
chills, fever or pain There was slight headache Bowels were slightly con- 
stipated The vomitus consisted of greenish, bile-tinged fluid 

On admission to the hospital, physical examination showed temperature 
was 100, pulse 75, respirations 20 Sclerae showed a very slight but definite 
icterus Heart and lungs were negative Abdomen negative Liver and spleen 
not felt Skin negative, no jaundice 

Second day — Patient continued vomiting all day, no pain Temperature 
99 6 Definite jaundice had developed over the entire body 

Third day — ^Vomiting persistent and intractable She was unable to retain 
even water by mouth Jaundice much more marked 

Fourth day — She was lery weak and restless No pain, no headache All 
measures to allaj the continuous ^omltlng were unsuccessful Jaundice deeper 
The abdomen, heart and lungs continued negative Pulse 90, respirations 20, 
temperature 100 0 F 


5 Neuberg and Richter Deutsch med Wchnschr 30 499, 1904 

6 Wells Arch Tnt Med 9 628, 1907 

7 Van Sljke and Mever J Biol Chem 16 197, 1913 

8 Abel, Rowntree and Turner J Pharmacol Exper Therap 5 275, 1914 
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Fifth day — Patient vomited continually Later she gradually sank into 
coma No convulsions Sclerae and skin of a deep grecnish-j ellow color 
Pupils were widely dilated but equal, and reacted slightly to light Fundi ocuh 
showed nothing Blood pressure, 155/70 Abdomen soft Liver and spleen 
not felt Liver dulncss extended from fourth nb to just below the costal 
margin All extremities quite rigid, no Kernig Exaggerated knee jerks on 
both sides lilarkcd double ankle clonus Definite Babmski on the left side, 
none on the right No Chvostek or main d’accoucheur 

Lumbar puncture No increased pressure Fluid clear, cells 5 per c c , 
spinal fluid urea nitrogen, 0 073 gm per liter No bile (Smith’s test) 

In the late afternoon rigidity of the extremities and Babinski disappeared, 
and the knee jerks became less marked No convulsions at any time or further 
evidence of tetany No subcutaneous hemorrhages, at point of pressure, how- 
ever, by the bed clothes there were small areas of ecchjmosis No diminution 
of the liver dulness made out during the day 

Sixth day — Patient continued comatose, temperature and pulse rapidly 
rising At 8 a m, temperature was 108, pulse, 145, respirations, 44 No 
decrease of liver dulness made out 
Patient died at 8 33 a m 
Wassermann completely anticomplementary 

A'cctopsy findings — Macroscopic Skin was deeply jaundiced, of a yellowish " 
green color Lungs were normal, except for a few scattered, hemorrhagic 
patches Heart was negative Abdomen Omentum and the mesentery showed 
everywhere numerous hemorrhagic areas from 3 to 5 cm m diameter Stomach 
and intestines, gallbladder, pancreas, kidneys, suprarenals and uterus were nor- 
mal Ovanes contained 'few cysts Spleen not enlarged , extremely dark in 
color On section it was quite soft Cut surface W’as a very dark purplish red 
Malpighian bodies w'ere not well made out 

Liver w’as quite markedly diminished in size It was not found fallen away 
from the anterior abdominal wall Its upper border corresponded with the 
fourth rib, its lower border to the costal margin Weight, 1,000 gm Capsule 
■was smooth, and the parenchyma shining through appeared quite yellowish 
Liver substance was extremely friable and cut with great ease On section, 
the liver surface showed at the center of each lobule a dark reddish area sur- 
rounded by a lighter yellow zone This appearance was quite uniform throughout 
tlie entire liver, except that there w'ere occasional patches from 5 to 10 mm in 
diameter of a darker red, and these areas were sunken below the general 
surface Other areas, larger in size, were yellowish and studded with small 
reddish points representing the centers of the lobules In these yellowish patches 
the centers of the lobules were smaller and less numerous than in other parts 
of the liver There were no areas which suggested adenomatous hyperplasia 
I\Iicroscopic Only the liver and kidney appeared abnormal under the micro- 
scope The uterus, spleen, suprarenals, pancreas, lungs and bladder wert exam- 
ined, with negative results 

Kidney There are scattered throughout the cortex small areas of hemor- 
rhage between the tubules and in Bowman’s capsule Glomeruli appear quite 
normal, but the tubules show' here and there a moderate degree of fatty infil- 
tration and cloudy sw'elhng Otherwise tlie parenchyma was normal 

Li\er Universally, the histologic picture is characterized by an extensive 
destruction Throughout most of the liver, cells are represented by only faint 
outlines with completely or partially disintegrated nuclei In some areas the 
Iner cells are represented onh by a structureless debris, while in others the 
outlines of the cell bodies can be faintly made out still in lobular arrangement 
There is an extensive fatti infiltration These changes inioKe practically all 
of the lobule ,but are most extensive at the peripherv At the center of each 
lobule the bile duct epithelium is practically intact and here may be found quite 
gener-ilh lerj few Iner cells m a better state of preservation Some of the 
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bile ducts are surrounded by well preserved liver cells arranged m strands 
Scattered throughout, mainly at the periphery of the lobules, are areas of blood 
extravasation 

Analytcal Methods — ^Unne Analyses Chlorids were titrated by the Volhard 
method Urea was determined by Van Slyke and Cullen’s® (1917) modification 
of Marshall’s urease method, using Squibb’s urease prepared from Jack beans, 
ammonia by the aeration technic described by Van Slyke and Cullen The total 
amino-acid nitrogen was determined as described by Levene and Van Slyke’® 
(1912), the creatmin hy Folin’s” (1905) method, and the uric acid by Fohn and 
Shaffer’s’* (1901) method Total acetone bodies were estimated by Van Slyke s'® 
(1917) gravimetric method The titratable acid was determined according to 
Folin" (1903) by titration with phenolphthalein in the presence of potassium ' 
oxalate 

Blood Analyses The urea was determined as described by Van Slyke and 
Cullen’'' (1914), the amino-acid nitrogen by Van Slyke’s nitrous acid method 
as described by Whipple and Van Slyke’® (1918) The plasma bicarbonate was 
estimated by the carbon dioxid capacity method of Van Slyke and Cullen ® (1917) 

Liver Analysis — Water content Three samples of from 2 to 3 gm weight 
each from different lobes of the liver were dried in glass dishes at 110 C to 
constant weight The results were 71 6, 71 6 and 71 9 per cent water 

Total Nitrogen — The dried samples used for water determination were 
Kjeldahlled The results were 80, 8 36 and 90 per cent of nitrogen calculated 
on the dried samples, and 2 28, 2,34 and 2 51 per cent calculated on the fresh 
samples, an average of 2 38 per cent of the fresh substance, or 8 45 per cent 
of the dried Using the approximate factor 625 for conversion of nitrogen 
figure into protein figure, this would indicate that 5 3 per cent of the dry sub- 
stance was protein 

Fat — ^Three samples of from 6 to 12 gm from different lobes were let stand 
over night with 100 cc of 95 per cent alcohol each The alcohol was poured 
off, the liver samples were minced, and were extracted with ether m a Soxhlet 
apparatus The alcohol extracts were concentrated nearly to dryness, taken up 
with ether, and combined with the ether extracts The latter were concentrated 
to dryness, and taken up with petroleum ether m weighed flasks After the 
petroleum ether had been mostly removed on the water bath, the flasks were 
dried in an evacuated desiccator over sulfuric acid to constant weight The 
results were 12 7, 13 8 and 140 per cent of fat, an average of 13 5 per cent of 
the fresh liver, or 47 7 per cent of the dry substance 

Exii action of Nonpiotein Niiiogcn — ^Three samples, totalling 303 gm , were 
cut with scissors into pieces which were dropped into 1 5 liters of boiling water 
slightly acidified with acetic acid After the tissues were coagulated, the water 
was decanted, the pieces were minced, and the extraction with hot water was 
repeated three times The decanted extracts were filtered through glass wool, 
then mixed witli 50 gm kaolin, and filtered through paper with suction, the 
residue being washed with hot water The clear amber filtrate was boiled down 
in an enamelled ware vessel to about 500 c c , and poured into three volumes of 
absolute alcohol to complete the removal of proteins The next day the pre- 

9 Van Slyke and Cullen J Biol Chem 30 289, 1917 Van Slyke, Stillman 
and Cullen J Biol Chem 30 401, 405, 1917 

10 Le\ene and Van Sljke J Biol Chem 12 301, 1912, 16 125, 1913 

11 Folin Am J Physiol 13 48, 1905 

12 Fohn and Shaffer Ztschr physiol Chem 32 552, 1901 

13 Van Slyke J Biol Chem 32 455, 495, 499, 1917 

14 Fohn Am J Ph>siol 9 265, 1903 

15 Van Slyke and Cullen J Biol Chem 19 211, 1914 

16 Whipple and Van Sljke J Exper M 28 213, 1918 
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cipitatc which formed was filtered off, and washed with 80 per cent alcohol 
The filtrate was concentrated under reduced pressure and brought to a \o!umc 
of ISO cc 

Free Ammo Ntitogen — Two c-c. portions of e’ctract were used for the 
determination of amino nitrogen b> the nitrous acid method of Van Slyke” 
(1912), the reaction being continued for 3 5 minutes at 22 C The volume of 
gas yielded in three determinations was 955, 9 50 and 965 c c at 22 C , 761 mm , 
the average, 9 57 cc, indicating 540 mg of ammo nitrogen, or 134 mg per 
100 gm of fresh liver. 

PepUd Nitrogen — Five cc samples of the extract were mixed in test tubes 
with 5 cc portions of concentrated hydrochloric acid and heated for twcnt>- 
four hours at 100 C The hydrochloric acid driven off on the water bath, 
and the residue diluted to 20 c c , of w'hich 2 c c portions w'erc used for the 
ammo nitrogen determination The determinations yielded 3 72, 3 67 and 363, 
average 3 67 cc of nitrogen at 22 C, 759 mm, indicating 206 mg of ammo 
nitrogen per 100 gm of fresh tissue Subtracting the 134 mg present as per 
ammo nitrogen before hydrolysis, leaves 72 mg as peptid nitrogen, freed by 
hydrolysis 

Utea and Ammonia NiUogen — ^These determinations were made as in urine 
(Van Slyke and Cullen,® 1914), 5 cc of extract being used for urea and the 
same amount for ammonia The results of triplicate determinations indicated 
148 mg of urea nitrogen and 34 5 mg of ammonia nitrogen per 100 gm of 
fresh tissue 

Creaiinin — Folm’s method was used as for urine” (1905), except that the 
final dilution was less Five cc of the extract were mixed with 15 cc of 
saturated picric acid solution, and 5 cc of 10 per cent sodium hydroxid At 
the end of five minutes the solution was diluted to 50 cc and read against a 
dichromate standard The result, which may be somewhat high because of the 
relative concentration of sodium picrate, indicated 3 3 mg of creatinm nitrogen 
per 100 gm of fresh tissue 

Crealin Plus Creatinm — Five cc of extract were heated at 100 C with 
5 c c of N hydrochloric acid for three hours The hydrochloric acid was neutral- 
ized with concentrated sodium hydroxid, and 5 cc of 10 per cent sddium 
hydroxid in excess were added with 15 cc of saturated picric acid After five 
minutes the solution was diluted to 100 c c and read against a chromate stand- 
ard The reading indicated 176 mg of creatin plus creatinm nitrogen, or 14 3 
mg of creatin nitrogen per 100 gm of fresh liver tissue 

The technic used is similar to that employed by janney and Blathcrwick” 
(1915) The difference is that the above authors used aluminum hydroxid to 
adsorb uncoagulated protein (presumably gelatin), while ve used kaolin 
Creatinm under proper conditions is adsorbed by kaolin (Greenwald,” 1918), 
but we found by control tests that the kaolin preparation used by us in the 
amounts employed did not remove sufficient creatinm to significantly affect 
results such as were obtained 

DISCUSSION or RESULTS 

EAaction — The comatose condition of the patient made collection 
of complete twenty-four hour specimens impossible, so that conclusions 
have to be drawn largely on the nitrogen distribution The abnor- 
malities in the latter during the last two days before death are the 

17 Van Slyke J Eiol Chem , 1912 

18 Janney and Blathcrwick J Biol Qiem 21 567, 1915 

19 Greenvald J Eiol Chem 34*103, 1918 
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high ammonia ratio, and even more strikingly, the high ammo acid 
nitrogen and the low proportion of urea nitrogen (Table 1) All 
three are explainable on the assumption that the liver had lost a part 
of its ability to transform ammo-acid nitrogen into urea nitrogen, one 
portion being excreted in the form of unchanged ammo-acids, and 
another m the form of ammonia 


TABLE 1 — Salt and Nitrogen Excretion 


o 

R 


reb 28 
Mar 1 
Mar 2 
Mar 3 


u 

O 

-w 

3 

3. 

3 

o 


1,070 

250+ 

411+ 

130+ 


► 

a 


O 


3. 

03 


1013 

1022 

1032 

1031 


R 


a 

cs 

o 

a 

55 


104 

028 

138 


a 

CD 


o 


13 90 
10 94 
16 64 


Urea 

N 


a 

CD 


311 
7 04 
5 68 
7 75 


47 2 
519 
466 


Amino- 

AcidN 


u 

a 

Qi 

a 

a 


0 61 
175 
2 22 


o 

CJ C3 

o-S 


41 
16 0 
13 3 


NHaN 


a 

0 


0 392 
0 862 

1 880 
1 925 


Creatmln 

N 


o 

§■3 

“■S 

SE-i 

R 


16 2 
17 2 
116 


0 65 
0 54 
0 49 


Uric Acid 
N 


a 

o 


44 

20 

29 


R 


Undeter- 
mined N 


u* a 

PiQ 

as 

0R 


0185 
0128 
0 417 


I 


12 

17 

25 


4 65 
096 
382 


I 


32 7 
81 
230 


• Tyrosln crystals wero obtained from the combined specimens of urine not used for other analyses 
+ Part of unne was lost on March 1, 2 and 3 becnuse of patient's comatose condition 


The amount of nitrogen eliminated cannot be stated accurately 
because of the lack of twenty-four hour sarpples of urine The prob- 
able minimum can, however, be approximately estimated from the crea- 
tmm The creatmm nitrogen excretion of an individual of the patient’s 
size (about 50 kg ) would normally be about 4 40 gm The twenty- 
four hour excretions of nitrogen and of ammonia plus titratable 
acid, estimated m this manner, are given in Table 2 In an acute illness 


TABLE 2 — Approximate Twenty-Four Hour Nitrogen and Acid Excretions 
Estimated from Creatinin Output 
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with pathologic tissue loss, the creatmm output might be increased 
Even if It remained only normal at 040 gm per day, however, the 
total nitrogen excretion on March 1, 2 and 3 would be calculated at 
8 6, 8 1 and 13 6 gm , respectively, assuming that the ratio of twenty- 
four hour total nitrogen to the observed nitrogen per liter is as 0 40 
to the observed creatmm nitrogen per liter The first two figures 
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might be considered normal tor a lasting indnidua.! (Liisk " 191/ ) but 
the last IS certainly high and corresponds with tne incidence ot ie%er 
Small amounts of acetone bodies were excreted but m quantities 
not sufficient to be of sisnnficance tor the acid-base balance of the 


bod} 

The low salt output was presumably due to lack ot salt intake 
rather than kidney retention 
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Blood Analyses . — The analyses of the blood like those of the unne, 
indicate a loss of diammizing function in the bod}' (Table The 
amino nitrogen contents on the last two days are respectu ely tw o and 
three times as great as the 7 to S mg per ICK) c c w hich represent the 
average normal (Bock*^ 1917) The apparent explanation is that tlie 
liver had lost the abilit}* to transform aunino-acids into urea an abiht} 
which has been demonstrated in the normal Iner by the perfusion 
experiments of Salaskin"* (1898) recenth confirmed by Jansen 
(1915) and by tlie physiological experiments of A'an Slyke !Me}er, 
Cullen and McLean (Van Shke," 1917). 


TABLE ^ — L'pe--^ Amivo-Acid Xitfosex ix the Elc^d 
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The source of the ammo-acids in the blood in our case was undoubt- 
edly autolyzed tissue protein The patient because of the nausea, 
retained practically no food the considerable amounts of nitrogen 
excreted (8 gm or more per day) must ha\e come from tissues auto- 
lyzed under the influence of tlie fasting and intoxication attend ng 
the disease. 


30 L^l^k• Science of Xetrition PnOade'pr.n 1917 

21 Bod- j c j B'o’ Cre- 29:191, 1917 

22 Sa'irskiT Ztschr f physiol Chen 23 *125 1S'~§ 

23 Van Shkc' Arch TrU Med 19 55 f Jan 0 1917 
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The blood urea remains within normal limits Taken with the con- 
tinued output of urea in the urine, it shows that the urea-forming 
function of the body, although diminished, was only partially lost, 
even on the day before death 

The blood plasma bicarbonate determinations (Table 3) gave a 
peculiar result on the first observation four days before death The 
carbon dioxid capacity of 96 5 per cent would indicate an abnormally 
high alkaline reserve Unfortunately, the observation was not repeated 
on that day, and we are uncertain whether an increased blood bicar- 
bonate actually existed, or whether there was an error in the deter- 
mination The carbon dioxid estimations were done m duplicate, but 
the carbon dioxid capacity might have been raised in vitro by contami- 
nation of the centrifuge tube or equilibrating funnel with alkali That 
this may have occurred is made more probable by the fact that the 
excretion of titratable acid and ammonia on this day was above the 
usual normal limits 

On the last two days before death, there was a high exretion of 
titratable acid and ammonia, about double the normal, and on the day 
before death the plasma bicarbonate fell slightly below normal (49 
per cent of carbon dioxid) These facts indicate a definitely accele- 
rated formation of acids in the organism, but neither the acid excre- 
tion nor the plasma bicarbonate indicates an acidosis sufficient to have 
in Itself a definite effect on the patient’s condition (Compare Van 
Slyke,^^ 1917 [b] ) In connection with the increased acid production 
it IS of interest to note that Rohmann ® ( 1888) obtained unusual 
aromatic acids and considerable amounts of sarcolactic acid from 
the urine in a case of yellow atrophy 

Composition of the Livei — The most striking change in the liver 
was the marked loss of substance, which is usually noted in acute 
atrophy (Wells,® 1907) The liver weighed only 1,000 gm instead 
of the 1,800 gm , which, for an individual of the patient’s size, is 
normal, according to Frerichs^ (1861) 

The water content of 71 7 per cent (Table 5) shows no increase 
over that of the normal liver analyzed by Wells, in fact is less than the 
latter (76 1 per cent ) In this respect this case differs from most 
of those in the literature, as the water content usually has been found 
high m acute yellow atrophy 

The fat content of 13 5 per cent is decidedly high, the normal being 
quoted by Wells® (1907) as about 3 per cent The livers of acute 
atrophy of which analyses are reported in the literature (Wells, 1907, 
1908) have been found to vary between from 2 0 and 8 7 per cent in 
fat content, while those of phosphorus poisoning and fatty degenera- 

24 Van Slyke J Eiol Chem 32 (b')455 1917 
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tion show from 25 to 30 per cent In our case of acute atrophy the 
difference from the high fat values of phosphorus poisoning and fatty 
degeneration is much less striking than in any of the instances reported 
It may be that the unusually rapid progress, with death a few days 
after the first symptom, prevented the complete combustion of the fat 
transported to or formed in the liver The high fat content m our case 
is the cause of the normally high content of total solids noted in the 
preceding paragraph , fat increase makes up for the protein loss 


TABLE 5 — Dry Mattpr, Fat A^D Total Nitrogfn in Liver 
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• From Wells (190S) 


TABLE 6 — Nitrogen Distribution in Liver 
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The “dry matter not fat,” wdneh, as indicated by its nitrogen con- 
tent, was nearly all protein, Avas much decreased, as it has been in all 
the reported cases of li\er atrophy, whether due to poisoning or to 
acute disease In our case the content of solids not fat, or approxi- 
mately the protein, is 149 per cent instead of the normal 20 per 
cent of fresh liver Dunng the few days of the disease, the liver, 
therefore, in losing about 45 per cent of its freight lost about 60 per 
cent of the protein substance 

In the nitrogen distribution in the Iner (Table 6) the main point 
of interest is the high content of ammo-acid and peptid nitrogen 
Compared wnth livers of normal dogs, the ammo nitrogen, 0 134 per 
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cent of the fresh tissue, is about three times as great (Van Slyke and 
Meyer,' 1913) The observed ammo nitrogen content mdicates the 
presence of approximately 13 or 14 gm of free ammo-acids in the 
1,000 gm of liver tissue 

ROLE OF THE LIVER IN NITROGENOUS METABOLISM 

The apparent significance of these figures, along with those for the 
blood and urine, is that the liver protein was autolyzed at a rapid rate 
to amino-acids and peptids, chiefly the former, and that ammo-acids 
produced by the abnormal autolysis of the liver and the normal autolysis 
of the rest of the body (other organs were not macroscopically or 
microscopically degenerated) were turned into urea to the extent of 
only about 60 per cent instead of from 85 to 95 per cent The excreted 
ammo-acids formed as high as 16 per cent of the total unnary nitrogen 
instead of the normal 2 per cent 

There was no indication at any time of a tendency for the urea 
mtrogen output to fall much below 50 per cent of the total nitrogen 
In view of the apparently complete degeneration of the liver cells the 
data consequently suggest the probability that, although deamination 
and urea synthesis without the liver are incomplete, nevertheless they 
can occur to such an extent that the greater part of the nitrogen nor- 
mally excreted as urea is still in this form Fiske and Sumner 
(1914) found that dogs could form urea from injected glycocoll even 
after the abdommal viscera had been excluded from the circulation 
It IS uncertain whether a considerable part of the total urea sjmthesis 
normally occurs m parts other than the liver, or whether the process 
is taken up elsewhere only when the liver fails 

It appears that acute yellow atrophy, with the possible exception 
of fatal phosphorus poisoning, is the only clinical condition in which 
unusual amounts of ammo-acids have been demonstrated to be formed 
and excreted as such, without change to urea or ammonia 

The most rapid autolysis unaccompanied by liver degeneration does 
not apparently result in the excretion of ammo-acids For example, 
we have not found the ammo nitrogen of the blood or unne increased 
during resolution in pneumonia, although this process represents one 
of the most striking examples known of rapid autolysis in vivo Nor 
Mas any abnormal mcrease in the blood amino nitrogen observed by 
Whipple and Van Slyke ( 1918) in dogs that were mtoxicated by 
proteose or b)’’ intestmal obstruction in such a maimer that the blood 
urea %vas raised by autolysis of body protein in a few hours to form 
tMm to five times the fasting level Such urea changes indicate an 
amount of tissue digestion seldom met in disease, and not approxi- 
mated in the apparently localized autolysis of yellow atrophy 


25 Fiske and Sumner J Biol Chem 18 285, 1914 
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In order that ammo-acids m exceptional amounts shall escape 
deaminization and appear m abnormal amounts in the urine, it appears 
necessary not only that the liver shall be injured, but that its loss of 
function shall be profound, and, as stated above, such loss of function 
apparently has been observed in man with certainty only in acute 
atiophy We have been unable to confirm the statement of Labbe and 
Bith^'’ (1911) that it occurs in diabetes (Van Slyke and Stillman, 
unpublished results) It does not occur in the toxemias of pregnancy, 
despite the marked degenerative changes that occur in the liver (Losee 
and Van Slyke,"" 1917) Levene and Van Slyke (1912) failed to 
observe it in two cases of cirrhosis Chesney, Marshall, and Rown- 
tree"® (1914) report somewhat increased ammo-acid nitrogen in both 
blood and urine m more than 50 per cent of a series of cases with 
apparent liver insufficiency from various causes However, the upper 
limits for ammo nitrogen Avhich they assumed were so low (15 per 
cent of the urine nitrogen, and 3 mg per 100 c c of blood) that they 
are readily exceeded m nonnal individuals (Levene and Van Slyke,^” 
1912, 1913, Bockv^ 1917, Cullen, Ellis and Van Slyke,=° 1915) The 
only case m their series with definitely high blood ammo nitrogen 
was one of arsphenamm poisoning, with 12 4 mg pei 100 c c 

In pathologic liver conditions caused experimentally, it appears to 
be likewise unusual, unless liver degeneration is almost complete, to 
find increased ammo acid content m blood or urine Whipple and 
Van Slyke (1918) failed to observe it m the blood of dogs with 
Eck fistulas (unpublished results) Levene and Van Slyke (1912) 
did not find it in the urines of dogs in which Opie and Dochez had 
caused liver degeneration by phosphorus and chloroform poisoning 
Only Marshall and Rowntree®” (1915) observ^ed an increase in the 
blood ammo nitrogen (up to 21 mg per 100 c c ) shortly before death 
111 dogs poisoned with phosphorus 

In pathologic conditions not involving the liver, Bock"^ (1917) 
found very markedly increased blood ammo nitrogen only in some 
cases of nephntis, m which ammo acids are retained along with other 
urinary constituents 

SUMMARY 

An increased excretion of ammonia and titratable acids was 
observed m the last da>s of illness, and a fall of plasma bicarbonate 
to slightly below nomial on the day before death Even at this time, 
however, the dcMations from the normal were too small to indicate 
that acid intoxication v as a significant factor in the condition 

26 Labbe and Bitb Progres med 27 581, 1911 

27 Losee and Van Shke Am J Med Sc 153 94, 1917 

28 Cbc^nej, Marshall and Ro\\ntree J A M A 63 1533 1914 

^ Cullen, Ellis and Van Sljkc JAMA 64 126, 1915 

30 Mardiall and Rountree J Exper M 22 333, 1915 
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The results afford confirmation of a quantitative character for the 
belief that ammo-acids are formed by autolysis in the atrophying liver, 
and circulate and are excreted as such in unusual amounts 

The excretion of ammo-acids did not appear to be due to increase 
m their rate of formation, for the total protein katabolism was not 
abnormally or even unusually rapid The excretion appeared due 
rather to loss of power to deaminize ammo-acids at even an ordi- 
nary rate 

A review of the known instances of rapid intra vitam autolyses not 
involving the liver indicates that tissue waste alone does not cause 
increase of ammo acids in the blood and unne In conditions of less 
profound liver injury (eclampsia) a marked decrease may occur in 
the proportion of urinary nitrogen present as urea and ammonia, 
which are partly replaced by as yet unidentified nitrogenous substances 
(undetermined nitrogen) , but excretion of definitely abnormal amounts 
of ammo acids appears to result only when the destruction of the liver 
cells IS almost complete 

These observations support the view that in the deamination of 
ammo acids and the synthesis of urea the liver bears a part which 
cannot be entirely assumed by the rest of the body 
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